CENTRAL ELECTRIC LIGHT AND POWER STATIONS.

By Epmoxp E. Lincorw, Hxpert Special Agent.

CrarrEr I.—INTRODUCTION AND GENERAIL EXPLANATION.

Olasses of stations included.—For the purpose of
this census a *‘ central electric light and power station”
means an electrical establishment operated as a unit,
which distributes current to public or private cus-
tomers for light, power, heat, or traction uses. Ac-
cordingly, in this report are included the statistics
of all electric plants in the continental United States
doing a public service business—that is, all plants,
whether owned by individuals, firms, corporations,
or municipalities, which generate or purchase electric
current for sale, and which were in operation during
any portion of the year ending December 31, 1917.
All municipal plants, also, are included which do not
actually sell current but which supply electrical
energy for street or park lighting, as well as for public
buildings and other public uses. In the case of
electric street railways which sell current for light or
power, whenever it was possible to secure separate
Teports for this portion of their business such central
station statistics have been included.

Classes of stations omitted.—The large group of
so-called isolated plants operated solely for the benefit
of the owner in connection with the factories, mines,
mills, stores, hotels, amusement parks, institutions
of learning, ete., has been, as usual, excluded, even
though, as sometimes happens, a small amount of
current is sold to employees. Such plants are by no
means typical of the electrical industry. Yet there
are thousands of these plants, perhaps even a hun-
dred thousand, some of which are of great size.

Further, no report has been secured from those
plants owned and operated by the Federal or state
governments primarily for the purpose of supplying
light or power to public buildings, military posts,
naval stations, Indian reservations, etc. The hydro-
electric plants operated by the United States Reclama-
tion Service, and in many cases selling a large part
of their current to private consumers, have also been
omitted. TFinally, those plants which were idle
throughout the year or were in process of construction
at the end of the year have been excluded.

Number of central electric stations.—The number of
central electric stations reported, 6,542, is by no means
identical with the number of separate generating
stations. Frequently one compsny, reporting as a
unit, will have a number of generating stations in
different localities which send current over high-

tension lines to some central point of distribution,
This is particularly true of the hydroelectric com-
penies. Turther, there have been instances when a
holding company has made only one schedule return
for several plants operated by it as separate units.
When, however, an .electric station generates and
distributes current directly to consumers every effort
has been made to ascertain this fact and to record
it as a separate plant for the purposes of this census,
irrespective of the owner or management. The num-
ber of separate localities actually served, it should be
observed, is far greater than the number of central
stations.

Again, in & number of instances, as previously
mentioned, an electric light and power business is
done by electric railways. Unless, however, separate
reports could be secured for the central station por-
tion of this business, such plants have not been
tabulated with the central electric light and power
stations.

Finally, from year to year new stations are con-
structed and combined with each other or with plants
which reported for the preceding census. Many
plants, formerly generating current, sell out to other
concerns; their equipment is scmpped or kept idle,
while they lose their identity and become merely
distributing stations for larger systems. As a result
of this constant combination and merging, the number
of plants reported for the various census years can not,
with complete accuracy, indicate the changes which
have taken place. They do, however, show the
general development of the industry.

Period covered by census.—The data incorporated
in this report as a rule cover the calendar year 1917.
In several cases, however, schedules were accepted

for a fiscal year ending late in 1917 or early in 1918,

when it would not seem practicable otherwise to
obtain accurate figures. Statistics have also been
included for those few plants which operated for only
a portion of the year. Of these plants there are
several classes—those new plants which began oper-
ation some time during the calendar year, those plants
which temporarily ceased operation as a result of
accidents, those which became defunct, and those
which were succeeded by other plants. In case of
the latter, combined schedules were prepared, showing
the actual operations for the entire year.
(15)
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(”Zassij‘ication of plants.—In this report plants are
classified in a number of ways for the purpose of
statistical smalyses

1. The grouping into commercml and municipal
stations is the most common and probably of greatest
interest to the public. Commercial stations are those
owned and operated by individuals, partnerships, or
public service corporations, as distinguished from
“plants operated by municipalities. As municipal
plants have gradually increased the scope and amount
of their commereial business, and since comparatively
few still confine their activities solely to the streets
and public buildings, there may be a logical incon-
sistency in classifying plants as ‘‘commercial’” and
“municipal’’; but, for the sake of uniformity, the
terms are retained. The chief differences between
the statistics for commercial and municipal plants at
present arise more from the nature of ownership than
from the general character of business done. It is
interesting to note that municipal plants rarely pay
taxes and issue no capital stock.

9. Central stations are further classified as ‘‘generat-
ing” and ‘‘purchasing.” Generating stations are
those which- generate a part or all of their current,
whether by means of steam, gas, oil, or water power.
Purchasing plants are those which purchase all the
current which they distribute, even though they may
still have generating equipment not in wse. The
investment in this group of plants is normally very
much smaller in proportion to the amount of business
done, and their statistics are in general far simpler
than for the other group.

3. Hydroelectric plants are generally referred to as
those which generate electric current largely by means
of water power, as contrasted with those plants which
use other sources of primary power. For the purpose
of future analyses, certain restrictions and qualifica-
tions of this definition will be made in the proper
place. In view of the fact that these plants use no
fuel and frequently invest huge sums in water-power
development at & more or less advanced stage, and
usually trapsmit their current long distances over
high-tengion lines, they clearly stand in & class by
themselves.

4. Finally, central electric stations are classified as
- “purely electric’” and ‘‘composite.” The purely elec-
tric stations comprise only those engaged solely in the
generation and sale of electrical energy. The com-
posite stations include those operated by companies
or municipalities which carry on other industries in
connection with electric service, such as the manu-
facture of gas, the operation of waterworks, electric
railways, ice plants, and other commercial enterprises.
In numerous cases the companies have but one system
of accounts, rendering it impracticable. to obtain exact
statistics covering the operation of the central electric
stations. When this outside industry was merely

incident to the operation of the electrical plant, the
report was accepted with or without statistics cover-
ing such. business, in accordance with the methods of
accounting followed by the company in question. On
the other hand, when an undertaking of considerable
importance was carried on along with the electrical
business, careful estimates were obtained, so that the
statistics would represent only the operations of the
electric stations. In a few instances of this kind,
however, in which it was found to be impossible satis-~
factorily to segregate the items on the balance sheot,
this inquiry on the schedule unavoidably covers both
the electrical and other business.

When income was reported for steam heating,
usually from surplus steam, no attempt was made to
separate this business from that of the electric station
work. Since the sale of electrical supplies and the
wiring of buildings, etc., are customary functions of
many companies, the income from such sources has
been included, and invariably reported as income
from ‘“all other sources.” Such plants, however, are
not regarded as ‘‘composite.”

Pree service—In most cases no cash income is re-
ceived by municipal plants for electrical energy sup-
plied for lighting streets and public buildings. In
order, however, that the income shown in thls report
mlght be accurately compared with the total consump-
tion of electrical energy for all stations, the schedule
required that the income for service of this character
furnished by municipal plants should be estimated
on the basis of what would have been charged for
similar service by commercial companies in near-by
localities. Commercial plants, also, sometimes ren-
dered free service in consideration of franchise or
other privilege, for advertising purposes, or out of a
sense of public duty, and a fair income for this service
was estimated as above and included in the total.

Comparison with previous censuses.—A. partial census
of central electric stations was taken in connection
with the census of manufactures of 1890. It was
found possible, however, to canvass only the state of
New York and the city of St. Louis. The results,
therefore, are too incomplete for comparison with
later periods. A further attempt was made in 1898
by the United States Commissioner of Labor to secure
data regarding the electrical industry. The results,
published in the Fourteenth Annual Report of the
Commissioner, are of great interest and significance.
Returns were secured from 320 of the 460 known
municipal plants, and from only 632 of the 2,572 com-
mercial plants then in existence.!

The first complete census of electric light and power
stations, however, was taken in 1902, and compara-
tive statistics are confined to that year and to the
three quinquennial periods following. In general,

1 Fourteenth Annual Report of United States Commissioner of
‘Labor, p. 12.
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INTRODUCTION AND GENERAL EXPLANATION .

the same form of schedule was used at these four
censuses. For 1912, however, it was thought advis-
able to omit some of the less important subinquiries
used. at the earlier dates, as data secured from these
inquiries were not entlrely satisfactory. In that year,
also, the amount of current purchased by the different
plants was separated from the current generated.
On. the other hand, more detailed information was re-
quired regarding the financial statistics and.opera-
tions of electric plants, with particular reference to
the balance sheet. Deserving of further mention was
the change in, the method of securing the number of
employees. In 1902 and 1907 the average number
throughout the year was called for; but as it proved
in many cases to be difficult to obtain correct averages,
in 1912 the schedule required that the number em-
ployed on. September 16 be returned, and in 1917 the
date was fixed at September 29, or the nearest normal
day. It is believed greater umformlty has been
secured by the method pursued in 1912 and 1917.

Attention should be called specifically to a number
of important changes and addltlons provided for in the
1917 schedule. -

1. In reporting the number and capacity of dyna-
mos, a distinction was made between those operated
by water power and those operated by other power.

2. The important inquiry regarding the station out-
put for the first time called for the quantities of cur-
rent sold or used for the various kinds of service—
electric light, power, other public service corpora-
tions—for the current used by the plant itself and the
distribution and line losses, in addition to the amount
generated and purchased.

3. For this census the number of lamps in pubhc
buildings and the number of commercial or private
lamps were not required, as the accuracy of such data
is open to serious question.

4. Under “revenues’’ the attempt was made for the
first time to secure separate data regarding the income
from the light and power business.

5. A number of changes were made in the balance
sheet of the schedule in accordance with the system
of accounting followed by the National Electric Light

Association and the Interstate Commerce Commis-
" sion, with a view to securing greater uniformity and
avoiding errors in the returns. Specifically, the
“value of plant and equipment”’ was called for instead
of the “cost of construction, equipment, and real
estate,”’” as the latter was subject to possible misin-
terpretation. There was added an item for “other
physical property,” under which to report the value
of investments of this character not properly included
under “plant and equipment.” Further, the value of
“materials and supplies” was separated from “cash,
notes, and accounts receivable.” ‘“Interest, divi-
-dends, and rents receivable,” as well as the ‘‘ premjum
on capital stock and funded debt,” was also called for.
153666°—20——2

6. The schedule for this year also called for the kind
and quantity of fuel used by central electric stations,
as is the practice in the census of manufactures.

7. Again, the estimated population of the areas
served with electric current was requested for 1917.

8. By means of correspondence and supplementary
instructions, the number.of separate generating sta-

‘tions, as contrasted with the total number of central

electmc stations reporting, was secured; and the num-
ber of different places served by all plants, which is far
in excess of the actual number of statuons, wag ascer-
tained.

Chief dzﬁcultws ancountered —It may at this point
not be amiss to call attention to some of the chief
difficulties encountered in collecting the statistics for
this census. As the detailed answers required regard-
ing the output of current appeared on the schedule
fol the first time, many of the smaller stations whose
records are unsatisfactory, or which keep no records
at all, found difficulty in supplying the data. Conse-
quently, this inquiry, the answers to which are of the
greatest importance, beyond a doubt necessitated far
more attention by the office and more work on the
part of special agents than any other portion of the
schedule.

Following - this, the balance sheet probably occa-
sioned great difficulty, for, in spite of all that has
been done by the National Electric Light Association,
by the state public service commissions, and by the
Federal Government through the Interstate Commerce
Commission, many of the smaller plants do not yet
keep their accounts according to any standard method.
This is particularly true of the numerous group of
municipal plants, many of which have not for any
length of time been required to report to state com-
missions and which have not been forced to stand-
ardize their systems of accounts through central con-
trol. Hence for many of this group of plants a doubt
remains regarding the accuracy of the figures given
for the “value of plant and equipment,”’ as well as
regarding the reported “cash investment’ and ‘“profit
and loss surplus.”’  The nature of possible errors in
this connection will be analyzed in the body of the
report.

It was also a problem to secure the desired separa-
tion of revenues from light and power sales. With
patience, however, the segregation of income was
made In practica,ﬂy all cases, so that the current
reported ag sold for light and power can be fairly com-
pared with the income from the same.

TFinally, a few of the larger stations, from the nature
of their business, were unable to return the number or
horsepower of their stationary motors served. Hence
the data presented under this head are not wholly
complete.

Certain other difficulties and anomalies will be
pointed out in the proper place; but no effort has been
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spared, through detailed correspondence, through ‘the
field work of special agents, and through the judicious
use of all available records, to make this census as
comprehensive and accurate as possible,

Special features of the report.—Along with the numer-
ous additions in material and changes’in presentation,
mention should also be made of certain special tubu-
lations prepared for this report with a view to making
it possible to study, in somewhat greater detail,
important aspects of the eﬁimency of commercisl and
municipal plants. -

1. The relative amounts of current generated and
purchased by the two groups of pla,nts, commercial
and municipal, are shown.

2. Commercial and municipal stations have been
grouped according to the p0pu1ation of the districts
which they served with a view to showing the density
of service for both light and power. ,

3. By means of a carefully selected group of plants,
the relative investments in electric stations per kilo-
watt capacity of dynamos are presented for plants
clagsified according to size, for commercial and munici-
pal plants, and for steam and hydroelectric plants, as
well as for plants which use gas or oil.

4. Through the same process of selection and group-
ing of plants generating current by means of steam,
water power, and gas or oil the relative financial and
physical efficiency of operation is shown. For this
purpose plants are grouped according to the quan-
tity of current which they generate and according to
their ownership, whether commercial or municipal.

5. Finally, an effort is made, in several of the more
important points, to compare those plants which pur-
‘chase all their current with the generating plants.
More particularly, typical plants which generate no
current have been grouped according to the amount

of their output, so that the relative efficiency of size
and ownership can be studied. :
Geographic divisions.—In a number of the tables

| in this report the statistics are presented by geographic

divisions. Inmost of the tables the states are grouped
into nine grand divisions, but in a few of the tables
it was necessary to present the totals by the five
divisions used in 1907, in order that the figures might
be comparable with those for prior censuses.

From Map 1 (p. 19) and the following list of states,
by geographic divisions, the states in each division-
can readily be 'determined, whether  the division
groupmg be that adopted for 1912 and 1917 or that

used in 1907.

NORTH ATLANTIC

NORTH CENTRAL

SOUTH CENTRAL

DIVISION, DIVISION. DIVISION—contd.
New England: Last North Central: ~ West South Central:
Maine. Ohio. ‘ Arkansas,
New Hampshire, Indiana. Louisiana.
Vermout. Tlinois. Oklahoma,
Massachusetts. Michigan. Texas.
Rhode Island. Wisconsin. WESTERN DIVISION.
Connecticut. West North Central:  Mountain:
Middle Atlantic: Minnesota. Montana.
New York. Towa. Idaho.
New Jersey. Missourd, Wyoming.
Pennsylvania. North Dakota. Colorado.
SOUTH ATLANTIO South Dakota, * New Mexico.
DIVISION. Nebraska. Arizong,
Delaware. Kansas. Utah.
Maryland. Nevada.
g:;;l I(l):.lfai(l'olumbia,. BOUI;PII‘{,IS?;{;}‘AL Pacific:
West Virginia, Eust South Central: Z;Za:;;l;gton.
North Carolina. Kentucky. California.
‘South Carolina. Tennessee. .
Georgia, Alabama,
Tlorida. Mississippi.
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Cuarrer IIL—GENERAL DEVELOPMENT OF CENTRAL ELECTRIC LIGHT AND
POWER STATIONS.

electric stations in the United States. Accordingly,
in Table 5 are shown the items of most general interest
for both groups of plants, together with the per cent
which each forms of the total.

Comparaiive summary of commercial and municipal
plants: 1917.—Before entering upon a detailed dis-
cussion of the various data secured for the present
census, it will be of advantage to examine briefly
the relative importance of commercial and municipal

Table 5 '

BLECTIRIC STATIONS: 1817,

COMPARATIVE SUMMARY OF COMMERCIAL AND MUNICIPAL CENTRAL

IO B; WRHOR S OIS e Wik QEOAROCT WO N TR

Per cont of total,
Total. Commereial, Muniefpal,
Commer- | Muniei-
cial. pal.
NUmber 0 Pl . . . e et ieae e ae i eearaeseenaaersrecnnnneasarannanamaaaenan 6,542 4,924 2,318 64.6 35,
Generating all or part of current. .. .. 5,124 3,847 1,777 65,3 3,
Purchasing all current...._.... PP 1,418 877 541 61.8 38
Number of separate gencrating stations - 5,952 4,118 1,836 69.2 30
Number of eities, towns, ete., served by allstations, 13,716 11,340 2,367 82.7 17.
Population of districts served with current. % 69, 019, 662 459,723 13,671,460 80.5 19.
Value of planf and equipment $3, 080, 892, 141 $2,033,016, 041 $127, 875, 200 95.8 4,
Totalineome. .u.-..... eenes $596, 804, 240 $486,634, 021 240, 260, 219 92. 4 7.
Sale of current forlight, b 8502, 059, 980 8462,473,917 $39, 586, 003 92.1 7
All other sources, $24, 834, 260 824,160,104 $674, 156 07.3 2
Total expenses, including salarics 8110 WAZES .. v iriiior e iiiie i in e 8496, 568, 307 $395,127, 305 $31, 440,012 92,6 7.
Totol number of Persons eMPIOYead...vev e iirriariarirsanannes e imaaaianaaas .. 105, 541 04,679 10,862 80.7 10.
Prime movers:
NI e O BT ES. o o ot v vt et ettt ae ottt ce e e ieses e asaenanasaaanmaanrannnnnscanannan -18, 795 10,387 3,408 75.3 24,
Pot0) NOTSEPOWEL e v v veramiesioncnancenaesneanan e e teaaanas 12,936, 755 12,077,667 859, 098 93.4 G.
Dynamos: ’ .
Jo e T o S MY 13,428 9,001 3,437 74.4 25,
Kilowatt capaciby. .cvnaemiunie il 8,994,407 8,411,044 582,463 93.5 6.
Outgut of stations (total). 31,044, 049,234 29,819,190, 740 1,231,858, 488 96,0 4.
Cilowntt hours generato 25,438,303, 272 24,398, 983,183 1,039,320, 089 95.9 4,
Kilowatt hours purchased . 5,605, 745, 062 5,413, 207, 563 102, 538, 369 26.6 3.
Kilowatt hours Sold (total) ... . 0. 25,751, 064,800 24,799, 517,879 1,030, 447,421 96.0 4,
TP I L e vaeeevneseemnnmnnsansanronsansnneneann 5,112, 516,949 4,445, 217,785 7, 990, 16: 86.0 13,
) Tar DOWET oo nvnnen ORI i o . 13,174,897, 277 12,833,101, 108 341,636,171 97.4 2.
To other pubMeservice corporations...... ... o v 7,464, 020,574 7,444,108,488 20,512,086 99,7 0.
Number of street lamps:
ATCou v - e oe e e e ss et e as e s e e e et e e e e aaa e et it e e tieaanaranenraanes 250,950 200,957 45,993 80.5 19,
Incandescent and other varleties......... . 1,302,284 969, 709 422,676 80.8 30.
Stationary motars served:
Number 4..... 655,924 504,864 51,000 90.8 9.
Horsopower o, 9,216,330 8, 700,707 425, 623 05.4 4,
Number of meters. ..... . 7,102,669 6,172,436 930,133 86,9 13.
Number of S TOIIOTS. c e e maarer e caeia s i aeee i e e e aan 7,178,703 6,202,189 970, 514 80,4 13,

1 Duplicated poptlation eliminated.

i 1 In addition Yo salaries and wages, includes the eost of supplies and materials used for ordinory repairs and replacements, advertising, fuel, mechanical power, electrical
ener’gﬁpurohased, taxes, charges for depreciation and charges for sinking fund, and all other expenses incident to operation and maintenance.

esnles not deducted.
4 Figures not complete for commereial plants.

The number of municipal plants is 35.4 per cent of
the total for all plants in the United States, but in no

other item is so high a percentage shown. It also -

appears that the number of municipal plants generat-
ing all or part of their current is relatively smaller (34.7
per cent) than the number purchasing all current (38.2
per cent). It must be explained, however, that there
are a number of plants in either group which have
generating equipment, but did not during the year
produce any current. Hence the number of central
electric stations reported as purchasing all current is
not identical with the number having no generating
equipment. It is also interesting to note that com-
mercial plants frequently report on the same schedule a
number of separate generating stations which are
operated as part of the single system. Establishments
generating all or part of their current will always be
(20)

somewhat smaller-in this group' than the number of
separate generating stations, as is indicated by the
figures in the table. For municipal plants, on the

" other hand, the number of separate generating stations

is practically identical with the number of establish-

ments reporting.
" In this connection it is

of great significance to find

that commereial plants, while representing only 64.6
per cent of the total number, serve 82.7 per cent of all
municipalities furnished with electric current. @ This
is due to the fact that most commercial stations dis-
tribute current directly to consumers throughout an
extensive territory, some supplying scores of separate
localities, while almost without exception municipal
plants serve only the municipalities in which they are
located. On the other hand, it must not be forgotten
that frequently several commercial plants are located
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in the same city, one usually doing a general light
‘and power business, whilé the others may incidentally
do alittle lighting, but will in the main supply current
only for power or to other companies. There were 405
cases of this kind in 1917. A comparison of the num-
ber of commercial plants (4,224) with the number
of places served by the same (11,349) discloses the
. fact that the average plant in this group supplies cur-
rent in nearly 8 different places. "The greatest average
number of localities served by single stations is to be
“found in California, where hydroelectric development
is most extensive, and the average plant serves about
9 separate localities. In Pennsylvania, also, a high
average of more than 5 localities per plant is found,
in New Jersey the average is about 8, and in Rhode
Island almost 10, though the actual number of plants is
-very small (8). Finally, it is interesting to note that,
without deducting duplications, commercial plants sup-
ply 80.5 per cent of the aggregate population of all dis-
tricts served with electric current. In making such a
comparison, however, it should be remembered that
an appreciable number of the larger municipal plants
(190) are operating in territory already served by com-
mercial stations, and frequently do only a street light-
ing business. Hence the relative amount of popula-
tion actually served would not be so great as the
figures given would seem to indicate (19.5 per cent).
So far as the value of plant and equipment is con-
. cerned, it is obvious that municipal plants are rela-
tively of slight importance, reporting only 4.2 per cent
of the total. In ‘““total income’ their position is
slightly better, or 7.6 per cent of the total for both
groups. They report only 6.6 per cent of the total
horsepower of prime movers and only 6.5 per cent of
the kilowatt capacity of dynamos, while they generate
only 4.1 per cent of all current. Further, it appears
that practically all of the output of municipal plants is

sold forlighting purposes (13.1 per cent of the total sold |

for light by both groups) rather than for power or to
other public service corporations. The relative num-
‘ber of customers supplied by municipal plants is 13.6
per cent of the total, though it is apparent that the
amount of current sold per customer is far lower than
in the case of commercial plants. The average rates
received by municipal plants for their current are much
higher than those charged by the other group, as is
indicated by the fact that, while they sell only 4 per
cent of all current, they receive 7.9 per cent of the
income from the sale of current. More detailed com-
parisons will be'made in other portions of the report.

- Isolated electric stations.—While no effort was made
in this census to secure data regarding the number and
importance of the so-called isolated eléctric plants—
that is, those which do not distribute current to the
public, but are operated solely for the owners’ use,

usually in connection with manufacturing establish-
ments—yet it may be of public interest to indicate the
probable scope of this phase of the electric industry.
According to the census of manufactures for 1914
there were in that year 205,590 industrial establish-
ments, or 74.5 per cent of the total, which reported
the use of mechanical power of different kinds.! The
total primary horsépower reported, both owned and
rented, was 22,547,574, which, of course, comprises all
power which is ‘“‘primary’’ from the standpoint of
the manufacturing establishments using it. Of this
amount, 4,929,967, or 21.9 per cent, consisted of
motor horsepower operated by establishments generat-
ing their own electric current. 'This amount of power,
represented by 320,260 motors, may be profifably
compared with the 435,473 motors, with a total horse-
power of 4,130,619, reported by central electric light
and power stations in 1912. The number of motors
served by the latter, while having a total horsepower

+16.2 per cent less than that electrically operated by the

manufacturing establishments, was 36 per cent greater.
In other words, the average horsepower per motor
served was, for central electric stations, 9.5 per cent, and
for manufacturing establishments generating their own
current, 15.4. Though exact figures are not at present
available, yet if it bo assumed that the establishments
reporting 4,929,967 electrical horsepower owned also
represent 21.9 per cent of all establishments using
mechanical power, according to this computation there
would have been in 1914 about 45,000 isolated plants
in the United States operated solely in connection with
industrial enterprises. To these, as indicated in
Chapter I, there should be added a large but indeter-
minate number of isolated plants operated by mines,
stores, hotels, pleasure resorts, public buildings, and
institutions of various sorts, such ag schools, colleges,
prisons, ete. .

Cenitral station work of electric railweys.—A number
of electric railway companies have, at the different
census periods, been engaged in the -sale of electric
current for light and power. Some of these conduct
their central station work as a special department and
are therefore able to submit satisfactory schedules for
census purposes. The reports from such companies
have, of course,-been included with those for central
stations and they are regarded as composite plants.
In 1917, however, there were 160 electric street railway
companies which, while doing an extensive electric
light and power business, did not keep their accounts
in such a way as to be able to furnish complete data to
the Census Bureau. Accordingly, in Table 6 a brief
separate tabulation has been made of the income of the
electric light and power departments of such railway
companies.

! Abstract of the Census of Manufactures for 1914, pp. 491-493.
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Table 6 ELECTRIC LIGHT AND POWER DEPARTMENTS OF
ELECTRIC RAILWAY COMPANIES.
Percent
) of in~
1917 1912 1907 croase:
1907-
10179,
Number of stations 160 169 177 —0.6
Gross income. .| 854,348,875 $31, 515,582 | $17,201,824 214.3
Elpetric service, . 2&:2 919 889 |2$30,084, 565 $16, 576 555 219, 2
‘All other sources 31,428,080 |  $531,027 | $715,2 “9g.8
Stationary motors:
NOmMDer. cee e civiiannan (® , (® 20,468 |........
HOrsopower. . ...oviuanenn . 3) *) 1‘:8 923 |..
Meters on consumption circui
b0k o 1107c) PPN [©)] ® 213 2888 |ooean...

1 A minus sign (—) denotes decrease.

3 Exclusive of the estunated value of free service, amounting to $42,734 in 1017 and
$66,051 in 1912, ; .

3 'Not reported.

From the table it appears that, while there has not’
been much change in the number of the electric light

departments of street mllway companles since 1907 |

there has been a very marked increase in their incomo -
from electric service. 'This income has increased dur-'
ing the decade 219.2 per cent, as opposed to an increase
of only 196 per cent for all central electric stations in
the United States. At the present time these 160

stations, which comprise only 2.4 per cent of all

central electric stations in the United States, report
an income of $52,919,886 from the sale of electric

current only, as compared with a central station

ELECTRICAL INDUSTRIES: 1917..

income from the same .source of $502,059,980. In
other words, they report an income equal to 10.5 per
cent of that of the central stations. It is further
interesting to find that the average total income of
this group is $339,680, as opposed to an average of
only $80,540 for central electric stations. The esti-
mated value of free service furnished by these electric
light and power departments amounted to $42,734 in
1917, and, in addition, there were more than 200 street
railway eompanies without -any light and power de-
partments which report an income from the sale of
current amounting to $6,710,099. This current was
sold in part to other electric railway companies, as well
as to central electric stations, and to consumers direct
for light and power.. Accordingly, the total income
derived from the sale of electric current by street
railways and not included in the income of central
stations, - including the value of free service, is
$59,672,719, or 10.2 per cent of the central station
income. . To this should also be added the income of
$1,428,989 from ‘‘ all other sources,” making a total of
$61,101,708.

Comparison of central electric stations and gas plants.—
Table 7 shows for the most nearly comparable periods
the relative importance of central electric stations and
gas plants during the past census decade.

Table 7 COMPABATIVE SUMMARY—CENTRAL ELECTRIC STATIONS AND GAS PLANTS.
Per cent of inerease.l
General electric stations, Gas plants. Contral olootrt
entral electric .
stations. Gas plants.

1907-1 1912-| 1907-| 1904-1 1909-| 1904~
1017 1912 1907 1914 1809 1404 1917 | 1917 | 1912 | 1914 | 1914 | 1909
Number of establishments. .. .......... 6,542 5,221 4,714 1,284 1,206 019 |1 38.8 | 25.3 | 10.8 | 26.0 |—0.9 | 27.2
Value of plant and aquipment .-.[$3, 000, 392, 141 (82,175,678, 266 1$1,096, 913, 622 (281,252, 421 584 2$915,5'}6 762 128725, 0%,204 179.0 | 40.7 | 98.3 [ 72,7 {1 36.8 | 26.3
Grossineomesd. ... . .iieeeiiiiteiils 5.)26,8 94, 240 3302 27.3 398 él 75,042,338 5220 237 790 $160,814,371 | $125,144,945 |[200.0 | 74.3 | 72.1 1 76.0 | 32,0 | 33.3
From sole of electric curr enL or gas.. 3502 0.:0 980 $287 138 657 3169 614, 601 $17‘:,06.),920 5138 615 300 | $112, 662 508 [1196.0 | 74.8 | 60.3 | 55,4 | 26.3 | 23.0
From all other sourees............. $24 834 260 315 134 741 36 027 647 $45, 171,870 528, 199 062 312 482 377 ||312.0 | 04.1 |15L.1 1261, 9 | 60,2 | 125, 9
Total number of persons employed..... 105, 541 79,335 47 32 63,915 7 ,072 |1121,6 | 33.0 | 66,6 | 59.9 | 26.0 | 26.9

1 A minus sign {~) denotes decrease.
2 Oapital invested——owned and borrowed.

3 Exclusive of the income reported by the electric light and power departments of electric railways, as follows: In 1917, $54,348,875; in 1012, $31,515,682; and in 1907,

$17,201,824.

It will be observed that, while the rate of increase
in investment during the latest five-year period has
been about the same for electric light and power
plants (40.7 per cent) as for gas plants (36.8 per cent),
the rate of increase in gross income has been consider-
ably more than twice as rapid for the former. On
the other hand, there has not been much  disparity
between the two industries in the rate of increase of
the total number of persons employed. The number
of gas plants actually decreased slightly between 1909
and 1914, whereas there was an increase of 25.3 per
cent between 1912 and 1917 in the number of electric
stations, but during the preceding five-year period the
former increased much more rapidly than the latter
(27.2 as opposed to 10.8 per cent).

During the

decade the rate of increase in every item was much
more rapid for electric stations than for gas plants,
the increase in the income from the sale of elec-
tric current being more than three times as rapid
as that from the sale of gas. Finally, during each
period there has been, in practically every instance,
a slight but certain decline in the relative proportion
which the gas industry bears to the total for central
electric stations and gas plants. The comparatively
large amount of income derived from ‘‘all other
sources”’ by gas plants is, of course, to be accounted
for by the disposal of numerous by-products of this
industry. .

Commercial and municipal stations combined.—As
indicated by Table 8, the growth in importance during
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the last decade of the electric light and power industry
has been far in excess of the increase in the number of
separate plants. ~ Theactual numericalincrease—1,321
between 1912 and 1917 and 507 between 1907 and
1912—is by no meansidentical with the number of new
stations which have been installed, since many of the
plants reporting at one census are in the meantime
combined with other plants, while frequently even
new, stations are merged with others, new or-old,
before they have been established long enough to
make the report for the census. It is, however,
interesting to find that the number has increased
much more rapidly (25.3 per cent) during the latest
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five-year period than during the preceding period
1907-1912, when the rate of increase was only 10.8
per cent. For both periods, also, the numerical
increase has been considerably more rapid for munie-
ipal plants. Those important items which show the
greatest increase for the decade are: ‘“Value of plant
and equipment’’ (179 per cent), “‘total income’ (200
per cent), ‘‘expense’”’ (217.9 per cent), ‘‘total horse-
power of prime movers” (215.7 per cent), ‘‘kilowatt
capacity of dynamos” (232 per cent), ‘‘kilowatt

" hours generated” (333.9 per cent), ‘‘mumber of
customers” (268.7 per cent), and ‘‘horsepower of

stationary motors served” (458.9 per cent).

Table 8 COMMERCIAL AND MUNICIPAL CENTRAL ELECTRIC STATIONS,
Per cent of increase.t
1917 1912 1907 - -
10071917 | 1912-1917 |1807-19012
Number of stations2. ... ..o i e 5,221 4,714 38,8 25.3 10.8
Commereigl.... ... 3,659 3,462 22.0 15.4 5.7
Municlpal..eoeveuieinan.. 1,562 1,252 85.1 48.4 24.8
Value of plant and equipment 32,175, 678, 266 $1,098,013, 622 1790 40.7 8.3
Totalincome s 8302, 273,308 $175, 642, 338 200. 0 74.3 72.1
Light, heat ; $287, 138, 657 $160, 614, 691 196.0 74.8 0.3
. All other'solarces ) $15,134, 741 6,027, 647 312.0 64.1 1511
Total expenses, including salarles and wages4. $428, 568, 307 3234, 677,277 $134,196, 911 217.9 81.8 74.8
Total number of persons exoployed. ... ..... 105, 5 o 79,335 47,6 121.6 33.0 88.6
Prime movers:
NUITBET  « <o et eenecaeeeee e s emnn s emme e m e sanssm s an s s amnanananen 13,795 11,902 10,988 25,4 15.9 8.2
o TOtal BOrSEPOWOT - -« - oo eieamncier i eemaarmaeananeeetinaiannninnanas 12,936, 755 7,530,044 4,098,188 215.7 71.8 83.7
1032 .
'mNumber 13,428 12,610 12,173 10.3 6.5 3.6
Kilowatt capacity- ...... 8, 994, 407 5,165,430 2,00, 225 232.0 74,1 90.7
Out%:t of stations:
{lowath HOUrS Zemeratod. . - .ouns ieeeeenanacae e e eeeataranaanans 25,438,303, 272 11,569,109, 885 5,862, 276, 737 333.0 119.9 97.3
Kilowatt Bours purchased. . .----oo.onvnooensensosmamneooaemaannns 5, 605, 745, 962 2,613, 502, 605 [ SR | RO EVEW- RS
Number of street lamps:
NN 256, 950 348, 643 (2 N | ST, 11 15 3 O
Tncandescent and other varioties. ..o oo 1,892,284 681, 957 [ 7 | SO 1042 [veeuvennn.
Statignary motors served:
Number?,...c...-... 555,924 435,473 167,184 232.5 21,6 160.5
Horsepower capacity 9,216,330 4,130, 619 1,649, 026 458.9 123.1 150. 5
Number ofeustomers. ... 7,178,703 3,837,518 1,946,979 268, 7 87. 97.1

1 A minus sign (=) denotes decrease.

2The term ‘‘station’ as here used may represent a single electric station or & number of stations oporated under the same ownership. .
3 Exclusive of $59,629,985 in 1917, $36,500,030 in 1912, and $20,003,302 in 1907 reported by electric railway companies as income from sale ofelectric current for Hight or

power or from sale of current to other public service corporations.

4 In addition to salaries and wages, includes the cost of supplies and materials used for ordinary reg:zlﬁrs and replacoment, advertising, fuel, mechanical power, electrical
energy purchased, taxes, charges for depreciation, and all other expenses incident to operation and maintenance.

& Not reported. |

glliggllsl?;qi? 210 ls;t?ivt?;;]asgla%led to report the number of their motors.

To refer to certain items more specifically, it appears
that there has been a marked falling off in the rate of
increase In investment during the latest five-year
period, from 98.3 per cent to only 40.7.per cent,
though there has not been so much difference in the
absolute increase. This condition is to be expected
as the business becomes more widely established.
Also, the abnormally high cost of materials and
equipment of all kinds during the last two or three
years of ‘the period no doubt acted as a real check on
capital expenditures. The rate of increase in the
total income (74.3 and 72.1 per cent, respectively)

has been almost identical during the two five-year

periods, while total expenses have increased some-
what more rapidly (81.8 and 74.8 per cent, respec-
tively). The number of employees increased only
half as rapidly (33 per cent) between 1912 and 1917
as between 1907 and 1912. These figures would
indicate a much greater efficiency of labor at the

B

present time-—a fact which is no doubt in the main
accounted for by the development of larger scale
productive units in the industry. While the total
horsepower of prime movers and the kilowatt capacity
of dynamos have at each period shown an increase
commensurate with the growth in income, the total
number of units in each case has remained almost
unchanged, though there has been an actual decrease of
considerable proportions in the number of steam en-
gines and a marked increase in the number of internal-
combustion engines. Thers has, further, been a grati-
fying increase in the amount of current generated,
119.9 per cent from 1912 to 1917, and 97.3 per cent
from 1907 to 1912. As this increase has been much
more rapid than the increase of income, it is evident
that customers are progressively securing their light
and power at lower rates. In this connection, also,
the fact that the number of customers has been in-

creasing far more rapidly (87.1 per cent in the later
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period and 97.1 per cent at the earlier date) than the
"number of stations and the income from the sale of
current no doubt suggests that more people are being
reached directly from a given center of distribution
and that the business per customer is less than for-
merly.  Finally, while not much significance can be
attached to the apparent rate of increase in the num-
ber of stationary motors served, because of the fact
that some very important plants failed to make

complete returns in 1917, yet the unusually marked
increase in the capacity of these motors indicates the
continually growing utilization of eléctrical power in
industry. ' '

Comaercial central electric stations.~Table 9 shows
for commercial stations taken separately the impor-

‘tance of the leading items secured for census purposes

for the years 1917, 1912, and 1907, together with the
per cent of increase in the different items,

Table 9 COMMERCIAL CENTRAL ELECTRIC STATIONS,
Peor cent of increase.!
1917 1912 1907
1907~ 1912- 1907-
1917 1917 1912
Number of StatlomS. . i qveereunnriiie it ia e aaans 4,224 3,689 3,462 22,0 15.4 5.7
Value of plant and equipment $2,033,016; 041 $2, 098,613, 122 $1,064,034,175 178.8 30.8 90. 1
TObLLINCOMO- o g amee o mmemaneanenenemnneannnonnnn 486,634,021 §279, 054, $161,630,339 2011 74.4 72.6
Light, heat, and power, including free service 462,473, 017 $204, 474, 040 $166,000,257 106.4 74.9 69.5
AL OFDIBE SOUTCES. - - av e s saseeeeecen s seseaesaonrmman e emnsoaneieaneen $24,160, 104 $14, 570,460 $5,630, 082 320.1 66,7 159.0
Total expenses, including salaries and wages . $395,127,395 $217,660, 112 $123,880,201 219.0 81,5 78,7
Total niimber of persons employed 94,679 71,395 42,066 125,1 32.6 69,7
Prime movers: )
U e v+ e eeeenseeanseaan e emasnnesennserarsonaanannn e 10,387 9,326 . 8081 15.6 1.4 3.8
Total hoTsepower. .. ..... ... .. .. oLl 12,077,667 8,070,716 3,776,837 219,8 73.3 84.6
Dynamos: :
Number 9,001 9,843 9,778 2.2 1.5 0.7
Kilowatt capacity ... 8,411,944 4,768,762 2,500,200 236.4 76,4 90.7
Output of stations: .
Kilowett NOUTS BENTatet. . ..o et ieeeiaann ... 24,308, 083,183 11,031,583, 155 5,572,813, 049 237.8 121.2 98.0
Kilowntt hours purchased....coooiii i e §,413,207,563 2,524,922,228 [ B | RO, 14,4 [cooeennnn,
Number of street lamps:
N U S S 206,957 264,152 54 ........... %
Incandescent and other varieties.................ool ! 969,709 474,488 L) T | KO, 1044 [..oiniiils
Stationary motors served: .
F58711111 IR ; 504,864 413,678 162,877 210.8 22,1 154.2
HorsePOWer CAPRCIEY ..ot iivie ittt s iie el 8,790,707 3,060,328 1,017,837 443, 5 121.6 145.2
NUIDEE Of GUSEOIMIEES. . . - v~ e e emnssn e e e e s te e iaman e 6,202,189 8,311,870 1,633,364 212,90 87.3 99,1

1 A minus sign (—? denotes decrease.
2 In addition to sal

aries and wages, includes the cost of supplies and materials used for ordinary repairs and replacement, advertising, fuel, mechanicsl power, electrical

energ{lpurchused taxes, charges for depreciation, and all other expensesincident to operation and maintenancs.
3

ot reported.

¢ Figures not available,

The numerical increases shown in the various
periods—565 between 1912 and 1917 and 197 between
1907 and 1912—do not disclose to the casual student
of the problem the actual conditions which exist so
far as the number of commercial central electric
sbations are concerned. While figures are not avail-
able for 1912, a careful analysis of the schedules for
1917 reveals the fact that 1,593 plants, of which
1,568 were newly constructed and 25 had been trans-
ferred from municipal to commercial ownership, made
returns at this date which did not report in 1912.
It further appears that of the 1,028 commercial sta~
tions reporting in 1912 but not in 1917, 711 were
combined with other commercial lighting plants, 9
with municipal plants, 8 with street railways, and 131
changed from commercial to municipal ownership,
.while the remaining 99 were not, so far as could be
ascertiained, operated in 1917, though it is probable
that a large portion may have been absorbed by other
plants. These figures are significant as showing the
rapid growth in number of new commercial plants
as well as the marked tendency toward combination
in this industry. The number of stations constructed
between 1912 and 1917 was 42.9 per cent of the total

number reporting at the earlier date, and, had there
been no combinations with other commercial com-
panies of some kind, the net increase would have been
at least 37 per cent. It is also interesting o note
in this connection that 99 commercial plants do no
general lighting business. Five of thesefurnish current
only for street or park lighting, while the remaining
94 sell practically all of their current in bulk to other
public service corporations and sometimes do a cer-
tain amount of power business. Finally, 877 plants,
or 20.8 per cent of the total, as contrasted with 439
in 1912, generated no current during the year, though
a few of them still retained their generating equip-
ment. .

The greatest number of commercial plants is to be
found in the West North Central division, where the
increase since 1912 has been 292, until at present
there are 970 plants. The East North Central group
follows, with 818 plants, while the Pacific division is
at the bottom of the list, with 206. In the New
England division there has been no change whatever
in number, while the Middle Atlantic shows a de-
crease of 11 and the Pacific a decrease of 5. All other
divisions have had increases ranging from 32 to 90
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plants. Of the separate states, 4 have between 200
and 300 commercial plants, New York heading the
list with 277, while Pennsylvania, Texas, and Missouri
follow, with 232, 230, and 206, respectively. There
are 11 other states which have between 100- and 200
plants. In 12 states, as a result of combinations,
there has been an actual decrease in the number of
plants to the extent of 18 in California and 9 in New
Jersey and Colorado, with less marked decreases in
the remaining. Ohio reports the same number at
both periods. I‘inally, those states showing the
greatest increase in number are Missouri (81), North
Dakota (68), Nebrasks (36), North Carolina (33),
Minnesota (31), South Dakota (31), and Kentucky
(80), most of which were not so well supplied relative
. to their population in 1912. There were, in 1917, 60
companies having their generating stations in one
‘gtate and distributing a portion or all of their current
in adjacent states. In a few of these cases it was
necessary for the purposes of this census to regard
that portion of the plant and equipment located in an
adjoining gtate as if it were a separate plant. The
only important instances of this sort were between
West Virginia and Ohio and Oregon and Washington.
Probably little need be said regarding the increases
in the various items shown for commercial stations
separately, since, as indicated in Table 5, this group
of plants does the bulk of the central station business
in the United States. Hence, most of the explana-
tions in connection with Table 8, covering both
commercial and municipal plants in the United
States, will also apply to the commercial plants alone.
Perhaps, however, attention should be paid to the
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fact that durmg the decade the total number of
dynamos hes increased 2.2 per cent, while the kilo-
watt capacity has increased by 236.4 per cent, or
more than one hundred times as rapidly. This fact,
taken in connection with the 22 per cent growth in

' the number of stations, indicates that not only have

increasingly large generating units been installed by
the newer plants but also old equipment has been
rapidly discarded. It is further significant that a
similar tendency exists in connection with the primary
power equipment, in which the increase in capacity
has been 219.8 per cent between 1907 and ,1917,
while the increase in the number of units has been
only 15.6 per cent. These figures, however, are not
so striking as in the case of statistics relating to the
dynamos. Finally, the number of kilowatt hours
generated has increased much more rapidly during
the latest five-year period (121.2 per cent) than during
the preceding period (98 per cent), while the rate of
increase for the decade (337.8 per cent) has been
far in excess of the increased capacity of dynamos.
These figures, of course, point to a much more éfficient
utilization of generating equipment than at earher
dates.

Commercial stations classified according to character
of ownership.—It is worth while to make some com-
parisons of commercial stations based on the char-
acter of ownership. As has been previously indicated,
the census calls for a classification of plants in this
group according to whether they are owned by indi-
viduals, fitrms, or corporations. In Table 10, ac-
cordingly, some  of the more important relations
existing between these various classes are set forth.

Table 10 COMMERCIAL CENTRAL ELECTRIC STATIONS, BY CHARACGTER OF OWNERSHIP; 1017 Anp 1012,
Total, Individual. Firm. Incorporated.! Por cent of increase.2
' Indi- Incor-
1917 1912 1917 1912 1917 1912 1917 1912 Total.|| vid- | Firm.| po-
: ual. rated.
Number ofstations..c...ocoooiiaiiiiit, 4, 224 3,650 009 587 397 203 2,018 2,779 16.4| 54.8 355 5.0
Totalincome duauee.vmnanann $486, 634 021 $279, 051 400|($3, 416, 952/$2, 031, 706|81, 805, 001181, 575,000 $48L, 412 068 $274, 547 607) 74, 4 16.6( 14.8] 75.3
Light, heat, and power . 55462 473 017, 3264 474 1 949 $6,347 507|182 812 178)81, 766 514481, 517,129, 8457 359 896 5260 145, H42) 74.9 19.0| 18.4] 75.8
All otilersources ................... $24 160 104 $14 579 460 $69, 445 %119 528; 558 487 $57 067 $24 052 172 314 401, 965 65, 7| —41.9] —-33.6] 67.0
Total expenses including salaries and
WEZES .« - e am e meame e aaaeanaan $305,127,395] $217, 660, 112(|82, 601, 060|$2, 155, 03291, 375, 763($1, 109,031 $391,000,572 $214,396,049(| 8.5 249 2.0, 824
'11":0&111 number of persons employed... 94, 679, 71,805 1,101 1,097| 501 576 92, 887 60,722 32.8 0. 4] 2.6 33.4
rime movers:
Number ofunits..._.............00 10,387 ' 9,326 1,257 869, 586 468 8, 544 7,902| 114 44.0 206.0 6.9
Totol hOrSCPOWET w . v veessveniannn 12,077,657 6,970,716/ 79,475 87,455  48,113] 48,404 11,050,089 6,834,857 73.8| —0.1| —0.6] 74.8
St%am )engmes (including  tur-
ines)—
Number.......... .- 5,287 5,823 326 479 168 255 4,793 5,089 —9.2| —32.0] —34.1] —5.8
Horsepower . 7,852,205 4,543,112  82,056| 57,234 -~ 18,805 29,717 7,801, 244 4,456,161) 72.8) —44.0 —36.4| 75.1
‘Water wheels— '
Number............ 3,109, 2,670 220 108| 122] 100) 2,7 2,872 16.4)| 15.6] 22.0| 16.3
Horsepower 4,076, 878 2,338,970 24,754 22,141 18,083 14,151 4,034, 041 2,802,678|| 743} 11.8 27.8 752
Internal-combustion engines— .
Number.....oocvainiveanainens 1,991 433 702 192) 206 110] 993 531 139.0) 265.68) 169.1| 870
D HOrsepower v« clveeveceenennnns 148, 574 88, 634 22, 665 8,080 11,125 4, 536 114,784 76,018)} 67.6|| 180.5 146.3| 61.0
211108!
y-nNu.ml 10) N 9,991 9, 843 1,171 861 528 8, 202 8, 581 15| 36.00 31.6] —3.4
o Kllov\i_attt %{lpaclty. 8,411,944 4,768, 762 50 951 60, 023] 29,307 29,577 8,331, 686 4,679,162 76,4} —15.1t —0.9 78,0
utput of stations:
Kilowatt hoursgenerated.,........ 24,398,083, 183(11, 031, 583, 155(52, 992, 568[60, 058, 813|45, 439, 08|37, 051, 22824, 300, 561, 107 10 9’53 573,11410 121 2| —11.8 18,7 122.2
Kilowatt hours purchased........ 5 413 207 563 2 524 022 208 7 687 970) 3 013 180 4, 587 703 1,917,149 5 400 951 890 2 91 889 114. 4| 155.1] 130.3| 1143
Numher of customers.......ccocouean.n 02 189 3 311 870] 92 005 71 448 49 437 41, 455 6 039 757 '% 198 967 87.3 30.2] 19,2 89.4

1 In 1917 includes 6 stations classed as ¢ other forms of ow-nership,” and in 1912, 7 such stations.

2 A minus sign (—) devotes decreasc.
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Perhaps attention. should first be called to the
marked increase in the number of plants operated
by individuals and firms during the period 1912-1917,
amounting to 426, as opposed to an increase of only
139 for corporations, or 75.4 per cent of the aggregate
increase in the number of commercml plants. Hence
it appears that by tar the greater part of the new
plants erected have been absorbed by already existing
corporations. 'The rate of increase amounted to 54.8
per cent for individual plants and 35.5 per cent for
the firms, while for incorporated plants the increase
was only 5 per.cent. It should further be noted that
between 1907 and 1912 there was sn actual decmase
in the number of individual plants and firms,

The marked increase in number since 1912 was
sca,rcely to be expected and is not readily accounted
for. It is probably true, however, that many plants
beginning operation without incorporation, which
would normally become incorporated during the pe-
riod, have retained their original form of organiza-
tion Wlﬁh a view to avoiding certain Federal and local
taxes, a situation which would not have existed in
normal times. Further, it may be that a number of
small stations have given up their charters and are
operating as firms at the present time.for similar
reasons, Again, judging by the remarkably great in-
crease in the mumber and horsepower of internal-
combustion engmes in these plants, together with the
marked decrease in the number and horsepower of
steam engines and turbines, in many districts it may
have been found proﬁtable, as the cost of coal was
rising, to establish those small plants which are easily
operated by gas and oil engines, with a view to sup-
plying electrical current to a population which had
not been previously served. Further, because of the
greatly increased- cost of copper and all equipment
needed for the extension of lines, many large plants,
which would normally have extended their operations
into more or less distant territory, have found it un-
profitable to do so, with the result that the establish-
ment of lighting plants by small interests in connection
with some other business has been greatly fostered.
Finally, mention should be made of the fact that these
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forms of ownership are by far the most-common in the
West North Central division, comprising the states
of Minnesota, Towa, Missouri, North Dakota, South
Dakota, Nebraska, and Kansas, where distances be-
tween population centers are frequently great, large
central stations are not numerous, coal can not be
economically supplied, and there is little. opportunity
for hydroelectric development. In a number of these
states both oil and natural gas are 1eadi1y accessible.
The individual and firm ownership is also common in
the West South Central division, where the conditions
are in many ways similar to those found in the West
North Central division, and where, in addition, there
ig throughout a large and cheap supply of oil and
natural gas. I‘mally, in the more populous states of
Ohio, Illinois, Michigan, and New York are found a
relatively large number of these plants, the greatest :
number being in Ohio and Illinois, where there is a
good supply of either gas or oil and where bituminous
coal is comparatively low in price.

A further examination of the table discloses the
fact that the increase in the leading items for in-
dividual plants and firms has by no means kept pace
with the increase in the number of such stations,
Tn fact, in a number of cases there has been an actual
decrease. The total horsepower of prime movers was
less for both classes in 1917 than in 1912, though the
number of units had increased by a very appreciable
amount, 44.6 per cent for individual plants and 26
per cent for firms. Again, there was a decrease of
15.1 per cent in the kilowatt capacity of dynamos
in the former and a decrease of 11.8 per cent in
the number of kilowatt hours generated, in spite of
the 54.8 per cent increase in the number of plants,
On the other hand, the amount of current’ purchased
in both cases increased rapidly. In all important
respects, however, individuals and firms, in the
aggregate, have grown relatively far less important
in the electrical industry than they were at earlier

- periods.

The relative conditions of commercial plants, ac-
cmchng to the character of ownership, aré dearly
shown in Table 11. '

Table 11 COMMERCIAL CENTRAL ELECTRIC STATIONS—AYVERAGES PER PLANT FOR 1017, AND PER CENT
. OF TOTAY, ACCORDING TO cmmAc'rnn OF OWNERSHI? FOR 1917 AND 1912.
Average per plant, 1017, Per cent of total.
Individual, Tirm. Incorporated.
Indi- ¢ Incorpo-
vidual. Firm, Taten,

1917 | 1912 | 1917 | 1912 | 1817 1912
Number 0f SEations. o v v o e erecnenaeren e e e s 21.5 18.G 9.4 8.0 60.1 78.0
OTIE s a v v s eevecannsnarasasaenacnnessataonacaeasasanmasasasaronananenaneatatnn 5164, 080 0.7 1.0 0.4 0.6 08,9 08.4
Horsepower of prime movers........... e A 4,005 0.7 1.3 0.4 0.7 98,9 08,0
Kilowatt capacity of dynamos 2,855 0.6 1.3 0.3 0.6 99.0 98,1
Kilowatt hours generated. o e e convivn et 8,827,811 0.2 0.5 0.2 0.3 99.6 09.1
Number of CuStOImers. .o oottt e i e arer e aacrr ey e 2,077 1.5 2.2 0.8 1.3 97.7 96,68
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It appears that the average income of incorporated
stations was, in 1917, $164,980, between forty and fifty
times as great as the average income of individual
plants, $3,759; nor did the firms average much larger
than the other group of plants. The averages which
show the least difference are those for number of
customers served, the figures for which were 102
~and 125 for individuals and firms, respectively, and

2,077 for corporatlons The Wldest difference, how-
ever, is to be found in the number of kilowatt hours
ge«nerated which averages 8,327,811 for incorporated
plants, an amount which is nea,ﬂy seventy-three

times as great as that generated by the average firm, -

and more than one hundred and forty times as great
as. that produced by the average plant under indi-
vidual ownership. The table further shows that the
relative importance of these smaller stations as com-

pared with the incorporated plants has in all respects
grown. less during the past five years, and that the
two together do only from less than 1 to 2.3 per cent
of the entire electric station business of the country.

Municipal central electric stations.—It is of some
interest to make a separate study of the general
growth of municipal central electric stations, From
Table 12 it appears that the rate of increase in the
number of stations and in the investment in plant
and equipment has been more marked during the
decade than for the commercial plants. From 1912
to 1917, particularly, the number of plants increased
almost as rapidly as the total investment (48.4 per
cent and 65.3 per cent, respectively), whereas at
both periods the.growth in the investment in com-
metcial plants has far outrun the increase in the
number of stations.

Table 12 MUNICIPAL CENTRAL ELLCTRIC STATIONS.
. Per cent of increase.?
1917 1912 1907 -
1907-1917 | 1912-1917 (19071912
Number of stations 2,8 1,502 1,262 85.1 48.4 24.8
Value of plant and equipment $127,376, 200 877, ()Gu, 144 $42, 879 447 107.1 85.3 79.7
Total ncome.......coviueenn 940, 260, 219 223,218, 989 314 ()11 909 187.3 73.4 65.7
ight, heat, and power, including {ree service. . 330 .)86 063 $"2 (183 708 $13, 614 434 100.8 .7 60.5
A thor s rossRover neluding free service. ..o §674)156 |- $555, 281 $307, 565 69.6 21.4 30.7
Total expenses, including salaries and wages 2..........o . oooiiieiiiiian $31,440,9012 $16,917,165 $10, 316 620 204.8 85.8 64.0
Total number ofpelsons [E3518 ) (o) RN 10, 862 7,940 5, 506 95.1 36,8 42,7
Prime movers:
Number . . 3,408 2,576 2,017 66,0 32.3 2.7
Total horsgpower. .......... . 859,008 550,328 321 351 187.3 53.68 74,4
Steam engines and steam tu nos—
Number....... 2,200 | 2,024 1,786 23.2 8.7 13.3
Horsepower 596, 871 400, 666 284 922 109.5 48.8 42.7
‘Water wheels— .
NUII DB . ¢ b e e e ca e acte e taemna o tactaaarnntransanan e maenan 265 269 153 3.2 —1.5 75.8
Horsepower-..... 200, 395 130, 261 30,347 560.3 53.8 329.2
Internal-combustion engines
Number....... 043 283 T8 s 28302 [oeriiaans
Horsepower... 61,832 22,401 6,082 916.6 176.0 268.3
Dynamos:
NUMDEL . varesunmeenrnaasaaens 3,437 2,767 2,305 43.5 24.2 15.5
KAlowalt CapaC by« o e it it ie et 582, '4()3 39() 677 200,016 178.7 46.8 | - 89.8
Qutpnt of stations:
{{ilowntl. hours generated... ..o iiia el 1,039, 320, 089 537,526,730 289, 462, 7883 259.1 98.4 85.7
Kilowatt hours purchased. . 192, 538, 300 88,580,377 [©) I
Number of stroet Inmps
49,003 24,491 Q)]
4.22 575 207, 468 Q)] .
Stationary motors served:
BP0 151 07 N S 51,060 21,805 4,507 1,082.9 133.2 385.8
Horsegowex capacily. aee - 425, 623 164, 201 31,689 1,243.1 150.1 418,4
Number of CUSLOIRES . e veva it e emcm e i a e e i 976, 514 525, 648 283,625 244.3 85.8 83.3

1 A minus sign (—) denotes decrease,

Percentages are omitted when hase is 1ess than 100,

2 Tn addition to salaries and wages, includes cost of supplies and materlals usel for ordinary repairs and replacement, advertism , fuel, mechanical power, electrical
energy purchased, taxes, charges for dopreciation, and all other expenses incident to operation and maintenanece,

3 Not reported.

. 41«1guresnotu,vmlable

It is interesting also to examine in somewhat
more detail the increase in number of municipal
plants between 1912 and 1917. Accordingly, from
Table 13 it appears that the number of new stations
installed since 1912 was 728, or 46.6 per cent of the
total number reporting in 1912, and, in addition, 131
plants changed from commercial to municipal owner-
ghip during the period. This would indicate a total
increase of 859 plants.
must be deducted 25 municipal stations which changed
to commercial ownership, 72 which combined with
other plants or with street railways, and 6 which ap-
pear to have been out of business or not operated in

From this number, however, |

1917. This makes a total deduction of 103 plants,
leaving an actual numerical increase of 756. It
should be further noted that in order to make itemized
figures for 1917 comparable with the data given in
1912, certain explanations are needed. Of the munic-
ipal plants which have been combined with other
plants, 25 were combined with commercial stations
and 9 with street railways, making a total of 34 which
should be added to those changed from municipal
ownership in 1912 to commercial ownership in 1917.
This gives us a figure of 59 changes in ownership,
more or less comparable with the 80 plants which,
between 1907 and 1912, changed from municipal to
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private ownership. Also, of the total number com-
bined with other plants the remaining 38 were united
with municipal stations. For comparative purposes
these may properly be considered with the 6 stations
active in 1912 but out of business or not operated in
1017. These calculations would give a total of 103
municipal plants which reported separately to the
Census Bureau in 1912 but did not so report in 1917,
as compared with a total of 97 such plants which re-
ported separately in 1907 but which changed owner-
ship, were combined with other stations, or were not
operated in 1912.

»

T 13 NUMBER OF MUNICIPAL CENTRAL ELECTRIC STATIONS AND
able INCREASE, BY GROGRAPHIC DIVISICNS: 1012 To 1917,

Number of stations. Sta-
1 ons | Activa
From | From | have mi‘{,ﬁ‘f'

com- |munic{ been . ¢

¢ mer- | ipal | com- [FoLlOUS
DIVISION.! I:tcw cinl slza- bined “%}}3%2
Ne- | 1 % | sta- | tions | with | oo
u- || HOnY | tions |in1012| other | onier
1917 | 1912 | Ter- |} SMCC )55 1019lt0com-lstations] .o

eal in-§} 1912, + sk
tomu-| mer- |or with

arease. nicipal| elal | street | DESS T

ini017.)in1817.] rail | DOLOE-

erated
ways |

sinco [ 1917.
1912,

United States.| 2,318 | 1,562 756 728 131 25 72 6
New England....... It 57 15 10 [ 3 PN )
Middle Atlantic..... 123 102 21 19 7 3

1
East North Central.] 867 474 93 114 21 6
West North Central.; 760 | 309 361 344 49 9
Sputh Atlantic...... 330 204 126 12 10 1 1
East South Centraly 154 128 26 24 10 2
West South Central .| 191 122 69 62 13 4
Mountain.....-..... 73 39 34 31 6 2
PacifiCas.e.cnnnnnn. 48 37 11 12 e-cnsi]eeennns T PO

1 See p. 18 for states composing the several geographie divisions.

Tn passing, mention should be made of the fact that,
in 1017, 541 municipal plants, or 23.3 per cent of the
total, purchased all of their current, as opposed to
136 such plants in 1912. Also, 67 plants did only

u street or park lighting business, while 7 others did |

hoth a lighting and a small power business for the
municipality itself, without having any commercial
customers. The most marked increase in the number
of municipal stations from 1912 to 1917 has been in
the West North Central division—in fact, the increase
in this one section (361 plants) was almost equal to
that in all other sections combined. There was also
an appreciable addition in the South Atlantic division
(126), followed by the East North Central (93) and
the West South Central (69). The changes from
commercial to municipal ownership were also most
numerous in these divisions, as well as the changes
from municipal to commercial ownership. A large
majority of the combinations occurred in the East
North Central and West North Central divisions.

In 1917 the West North Central division had 760
municipal plants, or nearly one-third of the total,
while this division and the East North Central together
reported 57.2 per cent of all municipal stations.

Nine states—Kansas, Nebraska, Ohio, Towa, Minne- :
sota, Georgia, Illinois, Michigan, and Oklahoma—ﬂl%ad
more than 100 municipal plants each, Kansas heading
the list with 186. All states showed some increase
in the number of plants under public ownership ex-
cept Rhode Island, Connecticut, and Nevada, which
experienced no change, and Delaware, which decreased.
The greatest individual increases since 1912 are found
in Kansas (104), in Nebrasks (87), and in Towa (79),
while the states nearest approaching these are Georgia
(44), Oklahoma (43), North Carolina (32), Ohio (31),
snd Minnesota (29).

Finally, it is interesting to find that in 1917 there
were 8 states in which the number of municipal
stations exceeded the number of commercial stations.
This excess is most marked in Georgia, where it is 80,
and in Kansas, with an excess of 70. Both Minnesota
and Oklahoma have 11 more municipal than com-
mercial plants, while in the remaining states the

~ differences are less marked. In South Carolina there

are an equal number of commercial and municipal
plants (41).

At first glance it may be somewhat surprising to
find so great an increase in the number of municipal
plants as compared with commercial plants. It
should be remembered, however, that practically all
of these new publicly owned plants are very small,
and there has been almost no combination among
municipal stations. Hence, in general, every numeri-
cal increase represents only one station and one new
locality served, whereas in the commercial companies
an increase of one may mean & union of several stations
or systems and a new territory served embracing many
separate municipalities, which, without such com-
bination and distribution of current over long dis-
tances, would have found it necessary to install local
stations or go without electric current entirely.
Turther, the most rapid increase in the number of
municipal plants has taken place in those less densely
populated states where for natural reasons there has
been comparatively little large-scale production or
combination in the industry. ’

Some of the suggestions made regarding the growth
in number, though not in relative importance, of
“individual” plants and ‘‘firms” will apply to
municipal stations as well. In Kansas, Nebraska,
Oklahoma, and Ohio oil or natural gas, or both, are
widely and profitably used in small stations, while in
Georgia it is customary to utilize waste products from
the lumber mills, which make a very inexpensive
fuel supply. In none of the stations where increases
have been numerous, except in North Carolina, was
there to be found before 1917 any hydroelectric
development of importance, and in many instances it
is probable that the municipalities in question could

%‘mve had no electric service whatever had they not
installed their own plants.
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Finally, it is no doubt true that, in the period of
rapidly rising prices, many small municipalities were
induced to invest in electric plants of their own, even
though they might have been served by commercial
stations, in the hope that they might thereby effect
a saving to the community. So far as the more ad-
vanced industrial districts are concerned, however,
it appears that in them few municipalities have
installed generating plants since 1912, but have
merely constructed distributing systems and have
relied upon adjoining commercial companies to supply
them with electric power. The state of Massachusetts
is a typical instance of this tendency, in which the 8
municipal plants established since 1912 all purchase
their current. The general trend in this direction is
further indicated by the fact that, while in 1912 those
municipal plants purchasing all their current comprised
only 8.7 per cent of the tota], the proportion had
increased to 23.3 per cent in 1917.

To return to. Table 12, a further examination dis-
closes the fact that while between 1912 and 1917, the
rate of increase in total income of municipal plants
exceeded the increase in investment (73.4 per cent as
opposed to 65.3 per cent), the reverse situation existed
in the earlier five-year period, during which time the
total income increased only 65.7 per cent, while the
investment showed a gain of 79.7 per cent. It is also
interesting to find that while the rate of increase
in expenses lagged somewhat behind the increase in
income between 1907 and 1912, during the latest
five-year period the expenses increased 85.8 per cent,
or absolutely 12.4 per cent more rapidly than the
income. This is a much more marked difference than

exists in the case of the commercial plants, where the
" increase in expenses outstripped the income by only
7.1 per cent. It is somewhat surprising to find that,
though there was a 65.3 per cent increase in investment

between 1912 and 1917, the rate of increase in the

total horsepower of prime movers was only 53.6 per
cent and in the kilowatt capacity of dynamos 46.8
per cent. As the industry becomes seasoned, it would
be normal to expect a much less rapid increase in the
investment as compared with the increase in physical
capacity of plants, as is the case in the commercial
stations, in which the growth in horsepower of prime

movers and kilowatt capacity of dynamos was almost

twice as rapid between 1912 and 1917 as the increase
in investment. Though during the earlier period
there was a much closer relation between these three
items, it would appear that at present the increases
In investment are not resulting in inereased capacity
of stations. This condition, of course, is partially
accounted for by the comparatively rapid growth in
those municipal plants which own only a distributing
system. These new plants, however, are in the main
much smaller than the average municipal plant and
would not vitally affect the situation. The number

of Iilowatt hours generated has increased 93.4 per cent
during the latest period, as opposed to 85.7 per cent
at the earlier date. In neither case, however, has the
increase been so marked as for the commercial plants.
The 'most marked development has been in the in-

- crease in number and capacity of stationary motors

served, which during the decade amounted to more
than 1,000 per cent. The number of customers has
increased at almost identical rates during both periods.

Table 14 shows, for the three periods 1917, 1912,
and 1907, the relative importance of commercial
and municipal stations so far as the leading items are
concerned.

Table 14 PER CENT OF TOTAL, COMMERCIAL AND
MUNICIPAL §TATIONS.
Commercial, Munieipal.
1917 | 1912 | 1907 || 1917 | 1912 | 1907
Number of stations.................. 64,61 T0.1| 73.40. 354 20.9 26.6
Value of plant andequipment . ....... 95,81 96.5) 96.1 4,2 3.5 3.9
Totalineome. .o oeeesncnencnenan te.-| 02,44 62.3( 92,0 7.6 4 8.0
Light, heat, and power, includ- .
{ngfreo8erviea . sereesannnnn... 92.1 921 o204 79| 7ol 80
AllotherSoures . -.coevnennann.. 97.8 | 00.31 93.4 2.1 3.7 6.0
Total expenses, ingluding salariesand
WOAZESe e renevsniannrerrrrmananaaae 92.6 | 92.81 02.3 7.4 7.2 .7
Totalnumber of personsemployed....| 80,7 | 90.0| 883§ 10.8| 10.0 11.7
Prime movors:
NUmMDEr e ceenieeeieiicaiinnnns 75,3 V8.4 SLT{ 24.7| 210 183
Total horsoPower -« covvevenannnn. 93,4 92.6] 92.2 6.6 7.4 7.8
Steam.enginesand steom turbines| 92,9 01 8| 80,4 7.1 8.2 10.6
Waterwheels,................... 95.3 1 047 97.8 &7 5.3 2,2
Internal-combustionengines. .... 70.81 79.8| 81| 20,4} 20.2 10.9
Dynamos:
Number..ooviiaeeeeannniinann..s 7441 781} 80.3| 25.6| 219 10.7
Ilowatt capacity.e. ool 03.5( 92.3] 923 8.5 7.7 7.7
Out}i)ut ofstations (total)..... .| 98,0 95.6 Q) 4.0 44| O
Kilowntt hoursgenerated. .. ..... 95,01 96,4 ©5.1 4.1 4.8 4,9
Kilowatt hours purchased........ 06,6 96.6 [ (1) |. 3.4 3.4f] O
Number o street lamps:
ATC. e i 80.6| 75.8 1) 10,6 | 24.21 1)
Incandescent and othor varietios..| 9.8 60.6 1) 30,41 30.4) ()
Btationary motorsserved:
(550113705 00.8| 050 97.3 9.2{ 40 2,7
Horsapowercapacity............. 05.4| 96,0 981 4.0 4,0 1.9
Numborofmeters...........ocoieeaen 86,9 87.0| 872§ 13.1| 13.0 12,8
Number ofcustomers......ooeeeu---.| 86,41 86.3| 854 13.8| 13.7 14.6
1 Tigures not available.

In the first place, it appears that there has been a
steady though not particularly marked increase in the
proportionate number of municipal stations, from 26.6
per cent of the total in 1907 to 35.4 per cent in 1917.
There has also been a very slight increase in the
relative amount of investment in publicly owned
plants, from 3.9 per cent in 1907 to 4.2 per cent 10
years later, though there was an unexpected drop to
only 3.5 in 1912. Aside from these two items, how-
ever, in every vital aspect, except in the horsepower
capacity of stationary motors served, the municipal
plants have shown a more or less pronounced decrease
in the relative importance of their equipment and oper-
ations. This proportionate decrease has been most
marked in horsepower capacity of prime movers,
which dropped from 7.8 per cent of the total for com-
mercial and municipal stations in 1907 to only 6.6
in 1917, and in the kilowatt capacity of dymamos,
which decreased from 7.7 per cent to 6.5 per cent dur-
ing the decade. In the kilowatt hours generated, also,
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the decrease has been marked, from 4.9 per cent of the
total at the earlier period to only 4.1 in 1917. Even
the number of customers has decreased from 14.6
per cent to 13.6 per cent. ‘

Table 15 éOMMERcuxL AND MUNICIPAL CENTRAL ELECTRIC 8TA-
TIONS—AVERAGES AND PER CENT OF INCREASE: 1917
AND 1912, .
Com:ﬁerc‘m]. Munieipal.
Average per plant. Por ||Average per plant.| Per
cent cent
R ofin- : of in-
1917 1912 {crease.jj 1917 1912 |crease.!
Value of plant and equip-

ment....... .| 694,370 | $573,548 { 21.1 || $54,950 | 848,337 11.4
Totalincome.. J 8115,207 $76,205 | 5L.1 || $17,369 | $14,865 16.8
Total horsepowt .. 2,859 1,805 | 50.1 371 358 3.8
Kilowatt capacity of dy-

TAII0S e cavvmvmenncnarer 1,991 1,303 | 52.8 25 254 | -1.2
Kilowatt hours generated | 5,776,274 | 3,014,018 01,6 (| 448,300 | 344,127 30.3
TKilowatt hours purchased| 1,281,536 600,058 | 85.7 || 83,062 | 56,710 46,5
Number of customers. ... 1,468 905 | 62.2 421 337 24,9

U A minus sign (~) denotes decrease.

Perhaps Table 15, which shows the average size per

commercial and municipal plant in 1917 and 1912,
together with the per cent of increase in some of the
important items during the period, will aid in showing
more clearly just what hias been happening compara-
tively in the electric light and power industry. Ac-
cordingly, it appears that the rate of increase in invest-
ment per plant has been almost twice as rapid for
commercial stations (21.1 per cent) as for municipal
stations (11.4 Per cent), but it further appears that the
total average horsepower has increased almost fourteen
times as rapidly in the commercial plants (50.1 per cent
as opposed to 3.6 per cent), while comparison is utterly
impossible in the case of dynamo capacity, since for the
commercial plants there was an increase of 52.8 per
cent, while for municipal plants there was an actual
decrease of 1.2 per cent. In the number of kilowatt
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hours generated, also, the average commercial plant
shows an increase of 91.6 per cent, which is more than
three times as rapid a rate a8 the increase of 30.3 per
cent shown by the municipal plants. Finally, even
in the number of customers, commercial plants have
shown. an increase two and one-half times as rapid as
that of the other group. All these comparisons point
to the facts, first, that the average size of commercial
plants has increased far more rapidly than that of
municipal plants, and, secondly, that.the former are
apparently doing a much more extensive business
relative to their increase in investment.

- Purely eleciric and composite stations contrasted.—It
is interesting to make some comparisons between
purely electric and composite stations. As indicated
in Chapter I, a ‘‘composite station” is one which is
operated in connection with some other industry which
may be more or less important from a financial point
of view than the electrical part of the business. - Com-
monly, the operations carried on with that of furnishing
“electric current are those of supplying water and pro-
- ducing gas or conducting a street railway enterprise.
Frequently, however, enterprises not of a public service
nature, such as the manufacture of ice, are found in
connection with central station activities. The pre-
vailing condition is shown by the following statement:

ComrosiTE PLANTS—CHARACTER OF SERVICE: 1917,

Number of
Character of service. stations.

Tlectric and water. ..o ooovuiianemnomeiaei e 1,328

- Electric and gas. ..o iiienie s 206
Flectric, gas, and water....ooo e iiiiiiiiiiiii 32
Flectric, gas, and street rallway...cvoooe vt 14
Tlectric and street railway.....oovievninincienaiaana.. 4 J11
Tlectric, gas, water, and street railway................... 6
Electric, water, and street railway. . ... P 4

TElectric and miscellaneous business, such as heating, manu-
facture of ice, mining, telephones, etc........ ...

1,064

PURELY ELECTRIC AND COMPOSITE CENTRAL ELECTRIC STATIONS—COMMERCIAL AND MUNICIPAL: 1917, 1912
o 907. ‘ ' '

Table 16 o 'PURELY ELECTRIC STATIONS, COMPOSITE S.TATIONS.
CNSUS .
year, Aggregate,
Total. . Commercial, | Municipal. Total Commercial. | Municipal. -
Number of stations. ... __...c e eeeerririeno 1917 6,542 3,877 2,787 1,090 2,065 1,437 1,228
1912 5,221 2,772 2,209 563 2,449 1,450 "099
P oot of 1907 4714 2,048 2127 521 2,066 1,385 731
tnerease, 10071917 . oo oovveneees )i onnns 8.8 46,4 1.0 109.2 2.0 A 08.0
Cost of construction and equipment............. 1917 ) $3,060,392,141 §| $1,733,705,700 {| $1,672,704,913 | 360, 010,7.
- o 4 87 | $1,326, 086,441 || $1,200,222,028 |
1912 | 82/175,078, 260 s1%ég§i g%?j 80 81, (150(5)11111379 $23,219,480 | $1,047,347,407 || $003, 501,743 |. %ggj éﬁ‘gi (45(132
Per cont ofInCreast, 1907-1017. ... rvv..oc. koo, a0 I 1 -0 e B Ve B Yl i VO R R U1 ¥
Total ICOME. .. e oo eoeeeon e e eeemeneseens 1017 | 9526,804,2¢0 || 300,328,777 | 828,701,787 | 17,6 :
e , 328 536,090 |  $220,505,463 || $107,843,234 |
2| pomom | gmemites) SELOSST) SLOTOIG )| Sl nis | Sl ]
Per cent of increase, 10071017 ...........0....... " abn.o ks g 30’75%53?; B S 403’2%”% ¥, 2040
Light, heat, and power...........ce.o...l. 1917 $502, 059, 980 3203, 696 :
. ,600,07L || 276,452,158 | $17,244,813 |  $208,303,000 |  $186,021,75 2
_ . 1012 ggg, L e | sl oLs s1ggﬁ 76,406 | S7, «3742 548 | 134,387,043 $110/ 108, ng §‘§§: ?géj %gg
Per cent of increase, 1607-1017 1560 e || POOhTe | POTREG | SORE | SMGE | 00
ATl OtRer SOUTCES . . vneemee oo ee e e e 1017 524,834,200 $12, 631, 506 $12,33 :
. $12, 631, 9,620 292,177 | 912,202,464 811,820, 47
1012 815,184,741 gg, 202, 63 ggl 3321 o7t 2195, 568 88, 542,102 "85, 182, 3% §g§§; ?i%
Per cent of increase, 1907-1917........... ool " 3i2.0 ’ 5117,6 i géggg 31795(‘2)18 = 68%’5208 ® 46%”7353 3217”72‘1%



GENERAL DEVELOPMENT OF THE IN DUSTRY.

81

' PURELY BELECTRIC AND COMPOSITE CENTRAL ELECTRIC STATION S——COMMERCIAL AND MUN ICIPAL: 1917 1912
AND 1907—Continued.

Table 16-—-Continued, PURELY ELECTRIC SPATIONS. COMPOSITE STATIONS,
C}(igggs Aggregate e
Total. Commmercial. -| Municipal. Total. Commercial, | Municipal,
Total expenses, including salaries and wages.....| 1917 £420, 508, 307 $249, 871,205 $236,002,731 | $14, 208, 564 8170, 697,012 8159, 524,004 | 817,172,348
1912 5234 577, 277 5122 322 345 3116 574 701 35 747 584 3112 254,932 $101 085 361 ( 811, 169, 581
1907 &134 19(':,911 $7G 238 037 571 411 333 54 8% 701 857, 958 874 $52 468 95u $5 488,919
Per cent of increase, 1907-1017. .. Lo..o.... S Eae 217.0 2b7.8 29.9 195.8 4.9 204 212.8
Total number of persons employed............... 1917 105, 641 58,491 54,004 4,487 47,050 40,675 6,375
1912 70,335 40,117 37,635 2,482 39,218 83,760 5,458
1907 47,632 27 524 24,9008 2, 556 20,108 17,008 3,010
Per cent of increase, 1907-1917. ... cievnuiio i fiomnnn. . 191.6 1i2.5 1i6.3 5.8 134.0 37.9 111.8
Total horSePOWer. e cviianienaaaaaaanenat 1917 12,936, 755 7,966,317 7,652,903 413, 354 4,970,438 4,524,004 445,744
1912 7, ..)30 044 4 006,189 3,831,835 174 354 3, 623,855 3 138 881 384,974
1907 4, 098 188 2 473,311 2,824,203 149,018 1;024,877 1 452 544 172,333
Per cent of increase, 1907—1917 ................. 216.7. 222, 225.0 177.4 205.9 211.5 158.7
Steam engines and steam turbines—
NUIIBEL e+ e veeemeernrennns reeimeeeaanas 1917 7,487 3,140 2,463 6877 4,347 2,824 1,523
1912 7,847 3,385 2,773 612 4,402 3,060 1,412
1907 8, 054 4,169 3,467 702 3,885 2,801 1;084
Per cent of increase,! 1907-1917... _.._.[........ —-7.0 —ba7 —20.0 —-3.6 11.9 0.8 40.5
HOTSEPOWET .+ 2 onseenennannannnnnes eveen 1917 8,449,076 5,131,443 4,860,314 265,120 3,317,033 2,085,801 331,742
1012 4, %9 T8 2,489,970 '2,350,%19 139 Q0B 2 459, 808 ‘2 192 103 207,815
1907 2,693,273 1, 583 978 1,459, 569 124, 409 1,100,295 ' 048, 782 160, 513
Per cont of inerease, 1007-1917..... .[.._..... 2 4.0 233 113.1 199.1 214.7 t106.7
‘Water wheels—
L o 3,374 1,904 1,820 144 1,410 1,289 121
2,030 1,666 1,667 109 1,278 1,113 160
2,481 1,575 1,491 84 7906 "837 69
Per cent of increase, 1007-1917. . 36.0 24,7 22.1 71.4 55.6 54.0 75.4
Horsepower 4,277,273 2,727,100 2,004, 607 122,412 1,550,164 1,472,181 7,183
2 4(39 231 1 454,976 1 429 148 25 828 1,014,255 909, 822 104,433
1,349,087 " 863, 885 21, 813 ! 485,202 476,68 8,534
Fer cent of increase, 1007-1917.. N R . 218.7 260.3 461.2 210.5 208.8 813.8
Internal-combustion engines—
Number........... reessaeraserraraaraaan 1917 2,034 1,855 1,304 4GL 1,079 587 482
1012 : 1 118 607 555 112 440 278 171
1907 ' 463 205 . 202 33 168 123 45
Per cent of inerease, 1907-1917. . RS PO 533.7 528.8 432.1 1,297.0 542.3 385.4 971.1
HOrsepower. ...cocvemeninmreeneanianaa, 19017 210, 406 107,765 81,052 25, 813 102, 041 66,0622 36,019
1912 111,036 61 243 51,768 9,478 49,792 36, 860 12,920
1907 55, 828 25,448 22,652 z, 796 30,380 27, 004 3,286
Per cent of increase, 1907-1017. . P 276.9 323.5 201.8 828.2 257. 8 145.9 990.1
Kilowatt capacity of dynamos.i.ecessiecenecn.n. 1917 8,004,407 5,513,472 5,229, 520 283,043 3,480,935 3,182,415 208, 520
1902 B 165, 439 2, 837,928 2,717,670 120, 268 2, 327, 511 2, 051,092 276,419
1907 2 709,225 1,070,814 1 574 280 96, 528 1 038,411 925,923 112 488
Per cent; of inerease, 1007-1917. .. vvvensoeieefoennnn.. 252.0 250.0 252.2 104.2 245.2 213.7 165.4
OQutput of stations: - .
Kilowatt hours generated 2. ... .| 1917 | 25,438,308,272 || 16,784,522,183 | 10,214,874,887 | 5GP, 647,206 | 8,083,781,089 8,184,108,206 | 460,072,793
. 1912 11 , 569,109, 885 (: 638 342 395 B 479 811 486 158, 530, 909 4 930 767,490 4,551 771 669 378 996, 821
1907 5,862, 270, 737 3 880 087 887 3 784 978,340 145,109,547 | 1 982,188 850 1 837, 835 609 44, 353, 241
Per cent of increase, 1907-1917 e e eeanneiifercannn. 353.9 352 3341 202.6 330.6 45.3 225.4
Kilowatt hours purchased 3........ 1917 5,0 ('0.;, 745,962 3,490, 340,119 3,419, 889,274 70,450,845 |  2,115,405,843 1,993,318,280 | 122,087, 554
1912 2 613, 502 605 1 756, 475, 791 1, 734,212 315 21 263, 476 8.)7 026, 814 789,709 913 67,316 901
Por cent of increa,se, 1912-1917 e vaeei et feeeeea 1i4.5 98.7 97. 251.3 148, 152 B4
Number of street lamps: 3 :
1 o 2, [ 1017 256,950 132,038 97,208 35,370 124,312 109, 689 14 623
1812 348,643 163 858 130,179 33, 079 184 785 133,073 12
Per cent of increase,! 1912-1017...____......|ceeuon. 5.3 —lo.1 .3 5.0 h2.7 ~isa ot i
Incandescenf and other varieties..,........... 1017 1,392,204 86 425 518,045 170, 380 705,859 453,064 252,105
1912 681 957 711 216, 570 83,141 382,246 257,918 124,328
Per cent of inerease, 1012-1917..e.....ooo |erunn-. 104.2 2o 158.3 104.9 81.7 ) 102.8
Stationary motors served: :
Number............... verneannme veraeeainaian 1917 566,924 277,130 258,004 19,066 2iR,794 246,800 31,904
1912 435 473 241,209 233 311 7 808 104,264 180, 267 13,997
1907 1(57 184 07,758 95 472 286 GQ 426 67,205 2,221
Per cent of increase, 1907-1917.ueenveunos . fonrnns. 2 183.5 10,3 750 301.6 2b7.2 1,340.5
Horsepower capacity. ......... teemmaenas 1917 9,216,330 5,448, 524 5,260, 853 17(‘), 671 3,769,806 3,520,854 248,952
1912 4, 130 610 2 311 509 2 258,131 53,378 1 819 110 1,708,197 110,913
1907 1,649, 026 1 077 484 1 061 190 16, 204 011 542 550, 14 15,395
Per cent of increase, 1907-1917vueneeanemns|ocmnenns 58.9 4b5.5 300. 6 984.3 550.6 553.1 5171
Number of CUSLOIErS.,veeevreresennns rereanrenaan 1917 7,178,703 3,679,513 3,272,756 408, 757 3,409,190 2,920,433 569, 757
1912 3,837,518 1,753,026 1,579,146 174,480 2 083 892 1,732,724 351,168 .
1007 1,046,979 0) 1) &) o) 0]
Per cent of increase, 1907-1917. . .. ceeeenvenioernnnn. 2 O | Y [ [P

L A minus sign (~) denotes decrease.

From Table 16 it appears that during the last
decade purely electric stations, both commercial and
municipal, have increased much more rapidly in
number than composite stations. It is further sig-
nificant to note that, while commercial composite
stations have shown almost no increase during the
decade (only 7.6 per cent) and have actually de-

2 In 1907 no separation was made between current generated and purchased.

8 Tigures not available for 1907,

creased nine-tenths of 1 per cent between 1912 and 1917
(from 1,450 to 1,437), municipal composite plants, on
the contrary, have increased 68 per cent in number
since 1907. The latter condition is to be expected,
since many municipalities find it advantageous to
operate an electric light plant in connection with a
water-supply system or a gas plant already munici-
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pally owned, thus effecting a considerable saving at ‘
times in overhead expenses as a result of combined
administration and frequently utilization of the same
buildings for different purposes. In practically all of
the important items, also, the composite stations of
all kinds appear to have experienced an increase
often more rapid than that shown by purely electric
plants. It must be noted, however, that most of
the more marked developments came during the
earlier five-year period 1907-1912.

Porhaps the relative importance of composite and
purely electric stations, both in the aggregate and
according to the character of ownership, can best be
shown by Table 17, in which the per cent which each
group forms of the total is set forth for the years 1917
1912, and 1907.

Table 17 PURELY ELECTRIC AND COMPOSITE CENTRAL
ELECTRIC STATIONS—PER CENT OF TGTAL:
1817, 1912, AXD 1907,
Pu;ggigllt;;tric Composite staticns.
Cen- | :
Bus || oot oon
yoar. | it Per cont cf of Per cont cf
. agero- total. . ageTe- otal.
gate. gate.

Com- | Mu- ; Com- | Mu-

Total.|| mor- | niei- || Total.{' mer- | nici-

cial. | pal. cial. | pal.

Number ofstations...........| 1017 | 50.3 || 7.0 | 281 | 40.7'| 53.0| 46.1
. 1812 63.1 7971 20,3 46,911 59.2 40,8

1907 || 56.2: 80.3| 19.7 43,8l 04.6( 36.4

Value of plant and equip-| 1917 50.8 ¢ 96.5 3.5 |1 43.4 | 050 5.0
mont, 1012 i 5O 9781 2.1 48.1 | 94.9 B.1
1907 || 60.4 | 90.5 3.5 33861 955 4.5

Total INCOME.ureneenacirannes 1917 5.1 4.3 5.7 419 89. 10,3
1912 | 8.7 952 48] 47.31 80,1 10,9

1907 || 6151 93.7 6.3 385 88.3 10.7

Horsepower of prime movers.| 1917 01.6; 94.8 5210f 384 9.0 9.0
. 1012 53.2 95, 6 4.4 46.8 8.1 10,9

1907 80. 4 94.0 6.0 30.6 89.4 10.¢

Kilowatt capacity of dy-| 1917 {13 04.0 51 38.7 91.4 8.6
Namos. 1912 54. 9 95,8 4.2 45,1 88.1 11,9
1007 6.7 94,2 581 383 89.2 10.8

Kilowatt hours generated....| 1917 || 66.0(| 06.61 3.4} 840l oudg 54

. 1912 &7.4 97.6 2.4 42.8 02.3 7.7

1607 66.2 96,3 3.7 33.8 92.7 7.3

Kilowatt hours purchased 1..| 1017 62.3 88.0 2.0 ar.7 94,2 5.8
<1 1012 67.2 08.8 L2 82.8 92.1 7.9

Horsopowar of stationary | 1917 58.1 1 90.8 .21 40,91 93.4 6.6
motors served, 1912 56.0 7.7 2.3 4.0 93.9 4.1
1907 65.3 93.5 L5 34.7 97.3 2.7

Number of castomers1....... 1917 | 51,31 83.0! 11,1 48.7| 837| 183
1912 i 45,7 9C.1. 09 543 i 83.1 18,97

) .

! Figures not svailable for 1907,

From this table it is evident that the number of
purely electric stations has grown relatively greater
since 1907, though the proportion which commercial
stations bear to the total for this group has decreased.
On the other hand, it is apparent that among the
composite plants those municipally owned are form-
ing an increasingly high proportion. . So far as the
different items of importance are concerned, it ap-
pears that for practically all periods the purely elec-

ELECTRICAL INDUSTRIES: 1917.

tric stations were relatively more important than the
other group, but there has been an actual decrease in
the relative importance of the former, since 1907, in
the value of plant and equipment (from 60.4 to 56.6
per cent), the total income (from 61.5 to 58.1 per
cent), and horsepower of stationary motors served
(65.3 to 59.1 per cent). None of these decreases,
however, are particularly marked, and, since the
1912 proportions are in practically every case con-
siderably lower than those shown for 1907 or 1917,
it may be that some large plants which in 1912 re-
ported s composite carried on their businesses
separately in 1917 and made a return as purely
electric. Doubtless, also, plants were returned as
“composite” in 1912 which should properly have
been considered ‘‘purely electric.” It further ap-
pears that municipal composite plants are not only
more numerous but also have a relatively more im-
portant business than have the purely eloctric plants
under the same ownership. Ixcept in the value of
plant and equipment and the horsepower of motors
served, however, there has Deen some decrease in
the relative importance of the former since 1907.
In most respects commercial purely electric planis
show a proportionate gain, though slight, over munic-
ipal plants in the same group since 1907.

In Table 18 is shown the average size of commercial
and municipal plants, according to whether they are
purely electric or composite.

Table 18 PURELY ELECTRIC AND COMPOSITE CENTRAL
ELECTRIC STATIONS—AVERAGE PER PLANT:
1917,
Purely eldetria, Compesile.
Commer- | Munjei- {| Commer- | Muniel-
clal. pal. clal. pal
Velue of plant nnd equipment...... 3600,213 $55, 881 8870, 081 $64,124
TOLB] INCOME . « <« evnvnanrareenensn $103,621 | $16,08) || $137,677 | $18,540
. Tolsl number of persons employed. 19 4 28 ]
Horsepower of prime movers....... 2,710 379 3,149 303
Kilowatt capacity of dynamos. 1,870 289 2,216 243
Kilowatt hours generated. .. 5,818,030 622,012 || 5,005,274 382,470
Kilowatt hours purchased.........| 1,227,088 04,034 1,537,139 99,420
Horsepower of stationary meotors
served . 1,801 162 2,450 203
Number of customers 1,17 373 2,039 4164

From the data here given it is rather surprising to
find that the value of plant and equipment per com-
posite commercial plant ($876,981) is very much
higher than that of the purely electric plant
($600,213), whereas for municipal plants the figure is
somewhat lower for ‘‘composite” ($54,124) than for
“purely electric’’ ($55,881). Further, the total in-
come of the average commercial composite plant is
about one-third larger than that of the purely electric,
the number of employees is 47.4 per cent greater (28
as opposed to 19), and the average number of cus-
tomers is 73.7 per cent greater (2,039 as opposed to
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1,174). The number of kilowatt hours generated,
however, is slightly less than in the average purely
electric station, though the former has a consider-
able advantage in the kilowatt capacity of dynamos
and the horsepower of prime movers. Some of these
figures, therefore, warrant the inference that a number
of the composite plants in this group found it diffi-
cult to make any accurate segregation of some of the
items required by the schedule, and that consequently
operations other than those of electric plants are cov-
ered. The relatively low income, as compared with
the number of kilowatt hours generated by the purely
electric stations, is accounted for by the fact that.in
this group are included practically all of those large
hydroelectric plants which sell most of their current
in bulk to other companies. So far as the municipal
composite plants are concerned, it appears that while
they produce on the average much less current than
do purely electric stations in this group, yet they have
an appreciably higher income and a larger number of

more current in proportion~to the total amount of
business done.

Stations purchasing all current.—At the census of
1917 for the first time an attempt was made to show
separately some of the chief items for purchasing
plants. From Table 19 it appears that the number
of such central stations amounts to 1,418, or 21.7 per
cent of the total, whereas in 1912 the number was only
575, or 11 per cent of all stations. In the other impor-
tant items this group of stations makes a far less
favorable showing, and, as might be expected, since
there isno investment in generating equipment, the
value of plant and equipment bears a very small ratio
(only 3.5 per cent) to the total value for all plants.
The next lowest item is the number of kilowatt
hours purchased, which forms only 4 per cent of the
total output of all stations, though it amounts to
22.1 per cent of all purchased current. As compared
with the amount of business done, these plants serve
a larger number of customers, or 8.4 per cent of the

customers. They also appear to be purchasing much | total. : .
Table 19 CENTRAL RLECTRIC STATIONS FURCHASING ALL CURRENT: 1917.

Por cont Average per stgtion.

tof iull Total. Commercial, Municipal,

stations, Commercial, | Municipsal.
Number of stations. ... ..ooeooiiiii 21.7 1,41 877 L o P
Value of plant and equipment... ...l 3.5 $107, 068, 564 $85, 350, 128 $22, 618, 436 $97, 321 $41, 809

(o) oL 7O 6.1 $31,924, 380 $25, 625, 057 88, 208, 423 $20, 220 311,842

EXDeNSes, - vuireniruesiannnn 6.1 826,124, 346 $21, 169, 027 $4, 085, 319 $24,12 80,178
Kilowatt hours purchased...... 14,0 1,236, 670, 848 1,074, 545, 276 162,125, 672 1, 225,251 209, 078
Number of customers. . ........ ... 8.4 602, 463, 189 130, 657 258
Number of persons employed. .« . ueueeenenriiieuannecenanraeaeaneanannnn. 5.6 b, 875 4,419 1,456

1 Per cent of total output,

The averages per plant are in several respects
highly interesting. For commercial stations the aver-
age value of plant and equipment is found to be
$97,321, or about one-seventh of the average for all
commercial plants.! The average number of kilowatt
hours purchased, 1,225,251, is about one-sixth of the
average output for all commercial central stations,
the average income of $29,220 is about one-fourth,
while the average number of customers, 528, is more
than one-third that of the total, 1,468, for this owner-
ship group. The municipal plants, on the other
hand, make a relatively much better showing, since
the average value of plant and equipment is $41,809,
or a little more than three-fourths that of all municipal
stations ($54,950), while the average income ($11,642)
and the average output of current (299,678 kilowatt
hours) are about two-thirds of the average for all
plants in this ownership group. The average number
of customers, however, is 258, or 61.3 per cent of the
total average.! ’

! See Table 15, p. 30.
153666°—20——3

As compared with the average commercial purchas-
ing stations, it appears that the average municipal
station has a value of plant and equipment 43 per
cent as great, receives an income equal to 39.8 per
cent of the former, distributes 24.5 per cent as much
current, and serves nearly half as large a body of cus-
tomers. 'This, of course, indicates a smaller amount of
business per customer and relatively much higher
rates. Other aspects of these groups of plants
will be discussed in another connection. (See Chapter
V1)

Relation of central stations to population.—While an
attempt has been made for this census to show more
clearly the relations existing between the population
of districts served and extent of central station activity
than was heretofore possible, it will be interesting
first of all to make certain general comparisons with
former censuses. Accordingly, Table 20 shows the
relation of some of the more important items to
the population in the United States at the various
periods.
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‘ ‘ ‘ ‘ —RE OF LEADING ITEMS TO POPULATION, BY GEOGRAPHIC DIVISIONS:
Table 20 OBNTRAL ELECTRIC SXATIONS —LATION O oI 1013, AND 1007, '
: lish- Horsepower of || Kilowatt capacity|| XKilowatt hours gen- Lomers.
DIVISION c;}g:]‘}s Numbezixgxfxgs.t » prisaepmovers. of dynamos, eratod. Custome .
Population Per Per Per 1,000 T
; , 000
) Com- | Munic- 1,000 |- 5 t. | 1,000 Amount. - | popdls- || Number, |1/
Total, ol Amount, o mount. | Ao opu-
mercial, ipal. B on * {1ation. tion. ation.
i gse, 755 | 125 || 8,904,407 | 87| 25,438, 308,272 | 245,460 || 7,178,708
United States. . .oooooveoe igg e ggg el B 21’5 5 1%: 530,’ 044 | 79| 5,165,430 | 54 || 11,569]100,885 | 121,085 || 3,837 518 10
1007 || 87,455,366 || 4714 || 3,462 | 1,262 || 4,008,188 | 47 || 2,700,225 | 81 {| 5,862,276,737 | 67,082 || 1,040,070 2
i 4,747,180 | 162 | 3,280,011 | 112 || 9,494,001,835 { 393,084 || 2,174,161 74
North Atlantic.....ocoooenooeee o || Zasil b | i zmasyse | 102 || Laos7oo | wo [1 o418 osa)7ar | 168080 || 113618 iz
1007 || 24)505,420 || 1,070 || 920 | 180 || 1363486 | 63 1,054,628 | 43| 2,483)106,227 | 104,320 || sk, 7z | . 2
i ol 1,104,746 | 82l 735,010 | 54l 1,748,205,143 | 120,537 | 857,677 26
South AHABC. -.o oo e B | B TRl NSl BN “hene| B ‘ilxlyéi w5 'g%%;gggi £ g;, 0 1821 909 1
1907 || 11,699,778 390 232 | 158 205,265 | 25 5, 437, ) )
‘ 4,011,747 | 123 || 2,860,087 | 88 || 7,523,025 668 | 231,018 || 2,044,342 91
R W) RER) R MR R dmG)E) CBR| B MREE LE) CHE 8
1007 || 28,883,300 | 2,085 1,8 727 || 1)210)9 4 y 1462, 314, , )
857,275 | 44! 608,007 | g1l 1,531,400,633 | 78,686 || 577,270 0
Bonth Onffal-rsvmeareeees T 10 || LRl Lo w5 4?91294 25 308,411 | 17| 481,612,464 | 25,802 865, 710 20
: 1007 | 16) 313002 679 13| 166 nidrdoz | 5| 15,080 | 10| weviasTie0 | 15,777 187, 853 12
........ - 470 a1 | 2,015,807 | 251 |l 1,408,988 [ 170 || 513,020,003 | 581,852 || 1,128,363 | 128
Westerm. oo ea s " %8}3 g’ %' gg? Sgsls 422 170 1,414;660 | 190 (| “os0j009 | 128 || 2723, 086,738 | 366,134 || 673,838 o1
1907 6, 052, 782 480 420 51 803,000 | 133 || 4880407 | st | 1,303.281,724 | 230,180 || 300,787 60
1 8ee p. 18 for states composing the several geographic divisions, 1 Bureau of the Census estimatos.
It appears from this table that, notw1th§tand1ng anie 21 AeLamoN OF LEADENG torS 70
they have by far the smallest number of stations, the ggggggn&h;‘——{%go gbizgir’]oxi g}vz—
° LRd . . 3 N ¥ iy
states comprising the Western division not only had AND 1007, :
much the largest number of customers per 1,000 popu-
. . X 1907-1917 | 1912-1917 [1907-1912
lation at all periods, 128, 91, and 60, respectively, but
ﬂ;lSO ab the same time generated about 80 PGI‘ Ce]lt Horsepqwer otprimomovers ................... 1ggg g?% gié
more current per capita than did any other division. | Ejiomittomdly ofdymmai:. 101 o kel gl me
This division is followed in density of service by the | Numberofeustomers.......................... 218.6 72,5 81.8

North Central, in which only 9.1 per cent of the total
population are customers, and by the North Atlantic
division, in which 7.4 per cent of the inhabitants are
customers. In every item indicated in the table the
divisions have followed the same order at the different
periods. The South Atlantic division has always
had the fewest number of customers per 1,000 popu-
lation, followed by the South Central; but the latter
division has consistently maintained the last place in
the matter of horsepower of prime movers, kilowatt
capacity of dynamos, and kilowatt hours generated.

Table 21 shows for the United States as a whole
the rate of increase in the per capita importance of
the electric light and power industry, according to
the data given in Table 20, both for the decade and
for the two five-year periods 1912-1917 and 1907-
1912.  Accordingly, it appears that the horsepower
of prime movers, the kilowatt capacity of dynamos,
and the number of customers per. 1,000 population
increased somewhat more rapidly during the earlier
period. The number of kilowatt hours generated
per capita, however, increased much more rapidly
between 1912 and 1917 (102.7 per cent) than during
the earlier period (80.6 per cent). This, of course,
indicates not only a more complete utilization of gen-
erating capacity but also a relatively larger consump-~
tion of current per customer and per capita.

As at preceding census periods, an attempt has
been made to show the more important statistics of
municipal central electric stations, grouped according
to the population of the municipalities in which
they are located. As a rule, municipal plants usually
serve only one locality, while commercial plants fre-
quently extend their service to numerous adjoining
municipalities, as previously suggested. Hence the
number of inhabitants in the city or town where a
municipal plant is located usually represents pretty
closely the population of the district served. In
the case of commercial plants, however, there is not
necessarily any direct relation between these figures,
and no attempt was made until 1917 to find out spe-
cifically the population of the territory presumably
reached by central station service as opposed to the
number of inhabitants in the place where such plants
are located. Tinally, the reader must be cautioned
that in many cases municipal plants are operating
in cities which are partially and often largely supplied
by commercial stations. This is particularly true in
the case of those publicly owned plants which do
only a street-lighting business, and accordingly, in
many of the larger cities the population bears no
significant relation to the number of customers.
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MUNICIPATL: CENTRAL ELECTRIC STATIONS, BY POPULATION OF CITIES IN WHICH LOCATED AND BY GEOGRAPHIC
DIVISIONS: 1917, 1912, AND 1807.

Table 22 INCOME KILOWATT CATACITY OF || OUTPUT OF STATIONS
o DYNAMOS, (KILOWATT HOUES). |
. i I
i ; Direct t
Nur- g Totol Num-
i Value of ! - cur- g ;
Drviston 1 Awp rorvraroN | S92 P plangand it Total | P tent, | Alier ber
orOUE, 13 | of ¥ Toqui ;|| exponsos. | 03T cop- | BADE of
' yoar. | sta. SR Tlectria | AL * | horse. stant | #0d || Genecrsted | Purchased {|cusiome
tions.’ . Total, Sorvice, othor power, || Total, volte poly- during during ors,
: * {sources. age phase yoar, year,
' and | U
ampor- rent.
age.
TOtal e ceiieeeaeaannns | 1017 | 2,318/3127, 375, 200|840, 260, 21911830, 586, 0638674, 156(1$31, 440,012( 850,008l 582, 63| 43,3641 538, 591,080,320, 080! 102, 538,398i( 976, 514
112 | 1,562 77,085, 144| 23, 518, 080|122, 683, 708| 555, 281(| 18,917, 165| 569, 325i| 396,677|( 44,564| 352, 113i| 537,526,730 85,580,377 | 525,048
1007 | 1,252) 42,879, 447|) 14,011, 999 13, 614, 434) 867, 5685]| # 0, 167, 188| 821, 351|| 208, 016)] 45,005 163,031 289,462,788 (®° i 283,625

' 902,] 186,204,075| 20, 087,300|l 312,038
1007 | 1,081 21,476,667| 7,631,842| 7,337,260 204,582 5,208,110| 104,172 & 1)
5,000 but under 25,000.......... 1017 | 3220 30,006,361 12,754,3000 13,500,062} 245,248 8,077,453 239,361
: . w12 | 13| 15,053,305l 6,014, 722| 5,861,287 153,435 4)103.721] 128,508
1907 | 142| 0,726,310) 3,486,142 3,380,102 76,950( 2,128,850 75,975

25,000 but under 100,000........| 1917 39 1§,%36,g72 4,219,920l 4,167,358| 52,562( 8,446,739 108,319

25,803} 146, 002,
130, 174)] 27,355/ 102,819 146,906,359
!
160,801 0,688) 151,203 268,465,708| 61,017,137/ 318,772
9 ] 84,600/ 127,432,660 20,835,368 136,057
48,107) 7,708 40,399 78,788,119 ® ®

78,1320 2,223 75,910\ 138,008,637 13,432,824|| 103,088

189,200|| 26,884| 162,336/ 199,609,058] 62, 226,542 441,040
1012 | 1,327 31,349, 806(| 11,026, 679)( 10,678, 780| 847,700|  &; 412,903] 257,384

Under 5,000....c.coviiviieannnn 1017 | 1,940 40,751,708} 15,583, 678| 15, 284, 128| 209, 56011 12,629, 547| 278, 052

102 31| &304, 2,82 084] 207072120 80,772 2,037,805 "1 327ll 62,adil| 2)371| 59,970 65,838,060 14,910,458 47,485
1007 17| 4,823,033) 1,414,810] 14085211 6,280 775,358 25,703| 14,812 3,407 11,405 20,815,562 () o)
109,000 but under 50,000... . ...| 1017 o| 15,768,883) 4,120,700]l 4,074,017 48,773|| 3,334,801} 123,404/ B2,700|l 3,850 7B,EEOl 219,638,246/ 3,838 470]| 100,002
1012 7] 8,550,500 1,584,082 1,576,506 8,488|| 1,005,607 47,2550 27,064| 844] 26,220 61,120,808 78,000 24,242
1907 6| 2,780,732 “'me;2re| 716,537 10,744) 873,750 12)616( 8 250) 2,240] 6,010 17,819,478 (9 @)
500,000 and over. . . ............| 1017 8| 29,711,878|| 3,581,581 8,551,508 30,023)| 3,052,321| 109,062| 7L,5408 1,240| 70,300|| 218,578,350 52,023,426 11,858
1912 8| 12)807,863| 1,770,622l 1,765,833| 14,7801 1,272,019 34,8358| 42,871\ & 516 343551 96,840,624| 31,770,344 5,876
1907 6 400275 202 '7626%|....0... 588107 12825 7,673 6,283 2,300) 16,133,270 () G
NORTE ATLANTIC........| 1017 | 195 13,130,670| 5,130,524/ b5,031,228] 99,206/ 4,246,033 99,140 60,008 4,504 62,300 100,370,006] 81,835,161 106,003
012 | 159 9,610,877|| 3;200,157|| 3,136,407 89,660\l 2,475,506 77,608 54,031 5,065 48,076| €8,625,617) ©,804,410( 58,210
1007 | 10| 7,838,005) 2,308,082) 2)280,500) 41,576) 1,436,815 56,580| 35,325\ 5,508) 20,822 45,861,638 (%) %)
Under 5,000....... eevoennnaes 1017 | 124] 4,001,804 1,324,517 1,802,528 21,901} 1,074,500 26,013| 17,2770 742 16,635 20,000,608 7,011,205 34,438
ioia | o7 3,425,265 X000670N 1,021,488 800821 770,273 25,661) 16,831  963| 15,858 18,676,158, 2,661,463 26,970
107 | 107 3,088,388ll 'sr2 150\ ‘245,774 20,376[ 567,000 24,240) 16,103) 1,676 14,427 17,742,732 (0 || ()
5,000 but under 25,000..........| 1017 | 63| 5,579,723)| 2,550,655/ 2,488,586 62,060 2,048,786 43,308) 29,011(| 3,612 25,800\ 45,124,252 13,920,505 b5,418
012 | 43| 3,835,433 1,428,777l 1,379,387 47,440\ 1,070)310| a2,084) 22, 2,240 20208 26,071,071 4,312,050/ 25,406
wo7 | 88| 3,025,105 sor,aasl 882,346 15,200 571,380 21,0d0) 12802l 2,197 10,606 19,182,675 (%) 16)
25,000 and 0Ver ¢ . oooneuen.. .. 1017 | 11| 8,468,583 1,255,352 1,240,136 15,236 1,124,661 20,138 20,615! 240) 20,376 34,256,130 11,504,271 17,142
2 9| 2,356,170 7ami0)l '73s,e72l 8,138} '626,023| 10,053|| 14,082 13,8524 127840, 22,077,488.. ;
1907 6| 1725,412] 538,336 538,388 - 2068339 11,201 6;330) 1,680| 4,700, 11,956, 231 3

]

4,736,670| 38,214]| 3,214,020 88,703(l ©2,308/ 1,8064] 00,5341 76,000,046 34,450,379\ 105,038

SourH ATLANTIC........ 1017 330] 11,726,970 4, 774,884|
1012 | 204 7,134,097 2,851,041 2,827,057 24,884| 2,045,027 66,845\ 45,0081 1,717 43,346(f 49,325,343 12,761,394\ 57,641
1007 | 158 4,076,042) 1,621,300 1,574,043 47,206] 1,051,602 86,542\ 22,75%y| 5,620| 10,1301 50,300,397 @) [6)

Under 5,000, ......veeenrnen... w171 o2m| 5,425,324 2,117,465) 2,008,357 10,108l 1,505,746 33,808 23,356 1,100| 22,160 22,821,335 17,176,623 49,504
1012 | 188 3)828,102| 1,351,8a4'| 1,341,648| 10195\ 1,008,405 20]045! 10,034\ 'o04| 18040{ 10,200,000 7, 728,9273|| 33767
1997 | 142 2,973,002‘ 1,072,023 1,027,220\ 44,508)| 726,425 25,110| 17,349 1,775) 15,574| 18,288,131 (%) 1)

5,000 bat under 25,000..........] 1017 |- 53| 3,458,777 1,727,015| 1,707,900) 19,108| 1,022,569) 28,374) 19,045| 307| 19,638 24,745,%9| 17,272,101 do,012
1913 | 33 1)512,041)| '847,744' 833,055 14,880 406,823 1,800 120850/ 403 1109s6[| 13107804 50330121 17)003

1907 18 7476, 510 230,343' 227,880 '2,468|| 137,416 4,050 8,183 &68 2,618 4,508,870 (%) 10)
25,000 and overs, . ............. 1917 4 2,844,860] 930,404 930,404 ....... 505,714 20,550|| 10,007 867l 18,730( 28,620,702 1,056] 14,532
: 1912 3| L9505l 652,353 652353 sawl609 18,300 12770 320/ 12,4%0) 16,906,639|........ ...}| 6781

1907 3 626,530||  818,943|  818,043|0.00100 187,762 6,473\ 22erll 1,277 80l 7,453,308 (M @&
NORTH OENTRAL. ....... 1917 | 1,327 69,620,138}l 21,234,761'] 20,805,928| 428,833| 17,357,052| 425,234}l 206, 741)| 20, 132| 267,608 561,536,189] 05,790, 240]] 516,202

11z | 873| 42, 212]002| 11856, 482, 11.314,098| 341, 483|| 8, 520, 320| 285, 160]| 204, 380]| 33, 416| 170,061| 809,367, 765] 41,492 000|l 269’ 451
1007 | 727| 22,065,162)| 7,403,015]| 7,142,752 200,263|| 5,072,384) 176,221 115,990 32, 717| 83,273 150,005,189 () |! (%

Under 5,000 u.cveoeeenennn.o.of 1017 1 1,154 22,760,608 9,153,018 8,023,228 226, 750 7, 578,016] 156, 686]( 107,803 21,8401 85,054 118,023,470 26,430, 060; 212,469
- | 1012 762 16,635, 06431 6,099,804(| 6&,872,030; 226, 055| 4, 605, 449) 141,037) 9G,263| 20,584 75,670\ 107,842,471 4, 1732), 647 18(3,)716
{ 8

11007 | 636 11,306,560] 4,178,706|| 3,092, 505] 186,201| 2,000, 451] 110,320] 73,973![ 20,304| &3,100( 81,262,275

5,000 but under 25,000 ... ..... 1017 | 143| 13,748,276 5,804, 1501 5,891,004| 113,152 4,220,089 118,371) 79,418 4,428) 74,000/l 138,925,325/ 10,082,944/ 150,136
1012 | sgl 7sa0,700|l 2,727,047, 2,052,500 74,5471 1,836,070 48,042 43,028 3,466 40102l ~64,835,000) b,610,435| 60,133

1907 | 70| 4,828,708l 1,820,108| 1,775,105| 54,008 1,127,782 40,168 26,042 4,388 21,850| 43,628,085 (B) 1)
25,000 but under 100,000_.. . ... 1917 | 20| 5,770,583l 2,193,467 2,003,037 20,8301 1,706,543 59,701)l 43,080) 1,165 41,9161 80,407,425 1,702,6701 1,103
1912 | 15| 2445701 sepd6l| 715,438 21,508 '503,821| 10,545 13,506) 890 12,615 20,350, 104 a4, 573|| 10] 836

1007 ] o 665 8ss| 200,438l 200,128  'als|  13a.ese| 3,87 2,735)| 1,380 1385| 5521786 (%) I6)
100,000 but under 500,000. ... . .. 1017 3 4,703,500], 1,154,448/ 1,128,300 26,148) 1,107,210/ 28,154l 20,600 700\ 19,80 71,089,410(............ 21,205
1912 3| 2loraossll a7 eom| Taasios3l siesal C41raas| 1405750 10)054(  654| Coj40l o1)e34,men| .llllillll bl

i 1907 5 21775490  ¢rzs0| 453,087 19,744 200,108 90,7200 6,057 1,277 4,760|| 13,487,582 (%) )
0d OVeLen . ceennennn...| 1017 7i 22,030,002 2, 909,674 2,080,750 20,015| 2,664,508 02,202 45040] B90| 44,050( 153,640,550 51,567, e06f 2,289
500,000 3 1912 7| 12,314,621 1,644,028 1,630,139 1d,780f) 1,142;061| 31, 40,030\ 7,825| 33,105|| 04,703,168 31.770,344) 5,878
1907 4} "5 o7, 520] rasrel] erlere..l00 547 057 12,140] 7,203l 4813] "20390]] 15,105,400 () 16)

1 See 1. 18 for states composing the several geographie divisions.

2 Tixclusive of interest on bonds, ete.

3 Figares not available. . . . ‘

s Ineludes in 1017, 1 station of the 100,000 but under 50,000 group; ir. 1012, 1 staiion of the 500,000 and over” group; and in 1907, 1 station of the “100,000 but under
500,000°” group and 1 station of the /500,000 and over’’ group, in order that the operations of individusl siations may not be disclased.

5 Includes in 1917, 2 stations of the ** 100,000 but under 500,500 groups; in 1912, I station of the 100,000 but under 500,000* group; snd in 1907, 1 station of the 500,000
and over’’ group. .



36 "ELECTRICAL INDUSTRIES: 1917,

MUNICIPAL CENTRAL ELECTRIC STATIONS, BY POPULATION OF CITIES IN WHICH LOCATED AND BY GEOGRAPHIC
‘ DIVISIONS: 1917, 1912, AND 1907~Continued.

— i KILOWATT CAPACITY OF OUTPUT OF STATIONS
Tablo 22—Continted. INCOME, DYNAMOS, (KILOWATT HOURS),
' Direct
Nurmn-| Total Num-
: Cen- | ber | valueof " pri- | Alter- ber
DIVISION 1 AND POPULATION plant and Tatal rent, tin of
¢ sus | of ip- expenses, | Y con. | BAULE
GROUL. yoar,| sta- | 40 Electri Denses. | horse- aome. | and” || Generated | Purchased ||custom-
tions.| ek Total. soree | other power. || Total. || IR | poly- during duting crs.
OEVICe. lsources. oge | Dhuse year, yoar,
and | W
Tg% or.| Tent.
SOUTH CENTRAL........| 1017 | 345| $11,908,817![ 84,334, 193]l $4,302,201] 831, 002![ 83,187,605\ 88,040 e0,332| 4,782 b5,550( 77,388,030 5,988,078| 100, 760
12| 250 8 256,740] 2,870,001\ 2,831,077 a8, 034|| 2,080,541] G7,576) 44,845 4,146 40,400|| 54,562,006] 1,773,653 co; 785
1007 | 166 4,250, 121)] 1,640,608 1,600,032 31,578|| 1,070,000| 3¢,440)| 25,133| 3)ze0| 21,203[| 34,365,978 (3 ®
Under 5,000 e+ eeoemeeennnes 1917 | 289l 5,983,580 2,071,421/ 2,061,116| 10,305/l 1,600,005 44,781l 30,100( 2,801 27,200| 26,093,005 1,056,466 56,704
nder 5,000 1012 | 9293|5360 162 1740,004|| 1 706/105| 33890 13024%0| 44271]| 90784 37035 26,740 28,687,220 G54, 403 44; 981
1907 | 152 3,046,244)\ 1,133,925| 1,104,540 2037all “vsg ive| 27,510)| 18,418 2772 15043 23)272)388 b}
5,000 but under 25,000. .. ...... 1917 | 80| 4,462,300] 1,775,543 1,753,856 21,087 1,006,281 36,118/l 24,382( 1,201 23,001] 40,052,085 1,547,634] 87,772
! neer s 112 | 21| Laigd43| 006,103\ Te0L 18| 5,085 437,880 14,010 “o)5s6l| e21| 81l 15395282 2, 12; 243
1007 | 10| 705,552 821,549  319)340) 2,200f 182,060 & G| 3,815| 55 3,300 6,81650 (D 0}
25,000 8100 OVEr e uenenvvennnens 1917 6| 1,402,847 asr,o28(| 487,920 ‘ 00,8000 7,750 5,850 600| s,250( 10,342,710 2,784,878( 6,200
‘ 12 8| Tars a4l mo3Bl)| 5230814 2502300 9,205l & 325l  190| 5, 135| 10,470,524 1)116,750| 3,581
cd t) i
1907 4 507,325 185,134 185,134 99,813| 3,305) 2,003 553 2,350 4,231,960, ® *
WESTERN -« cnverrrnnnens 1017 | 121] 20,979,005|| 4,785,857\ 4,710,030 75,821|| 3,435,203 157,273|| v6,089] 3,409 92,507| 224,118,028 24,473, 641l| 147, 615
1012 | 78| 9,845,410\ 2614308\ 2,554,078 60)320]| 1,725,807 82,050l 48,558 22| 48,331l 55 645,000 25,087,012 70,542
1907 | 61 3,750,127 1,038,085( 1,022)101| 16,884f '566,318 15,568 9,809 313 9400 16,920°588 () ®
UBAEE 5,000, .. v v eemenaeeennns 1007|100 2,481,832 917,257  s98,001] 18,350 689,685 17,003 10,664 192 10,472 11,731,574 9,045 100 27,754
. m2| Tor| Z308c3dl| 7raamr||  736l500| 37,06 537,44d| 16,470(| "9,803| 227 0,608 11,867,020\ 5,880,517 22624
1907 | 44| 1,062,474} 375,038} 367,212 7,826)| 216,057 6,083 4)334] 268 4,068 6,345 883 () )
5,000 61 OVer 4. . .enn... we-ol 1907 | 21 18,497,703| 3,968,600 3,811,135 57,405 2,745,518| 140,270| 85,4251 3,300 s2,125| 212,387,354) 14,0608 442] 110, 701
1012 9| 7,536, 785! 1,840,131l 1,817,470 22)652|| 1,188, 418| 65,580|| 38 665(... ... 38,605(| 43,778,070 19,807,395| 56, 918
1007 7| 2,687,653)] 603,047|| 654,880 9,058 349,301 &)585|| 5,475 45| 5430) 10058373 @ 16

13ee . 18 for states composing tho several geographic divisions.
¢ Figures not available,

8 Includes in 1917, 1 station of the 100,000 but under §00,000” group; and jn 1912, 2 stations of the 100,000 but under 500,000" group.

4 Includes in 1917, 1 station of the 25,000 but under 100,000" group, 2 stations of the 100,000 hut under 500,000% group,

and 1 station of the* 500,000 and over” group;

in 1912, 2 stations of the 25,000 but under 100,000°’ group and 1 station of the 100,000 but under 00,0007’ group; and in :[907, 2 stations of the 25,000 but under 100,000
£l ? i

group.”

In Table 22 municipal stations are grouped according
to the population of cities in which located, for the
years 1917, 1912, and 1907. For each group, also, is
shown not only the “value of plant and equipment,”
but also the “total income,” “‘total expenses,” ‘‘total
primary horsepower,” “total kilowatt capacity of
dynamos,” “‘output of stations,” and “number of
customers.” From this table it is evident that there
has been no marked change in the number of stations
located in places having a population of 25,000 and
over. The most rapid increase from 1912 to 1917
has been in the population group between 5,000 and
25,000, or about 70 per cent. The group of stations
in places having less than 5,000 population is by far
the most numerous (1,940 out of a total of 2,318),
but the rate of increase in this group has been only
46.2 per cent during the last five years. In the
“value of plant and equipment’ the rate of increase
has been most rapid in the 500,000 and over”
group, due primarily to the installation of the large
Los Angeles plant and to the extension of already
existing plants in Chicago. This group, both in
absolute amount and in percentage of increase, has

been followed by those plants in places having 5,000
but under 25,000 population. The former group,
while leading in the rate of increase in “value of
plant and equipment,” has been surpassed in most
other respects by the small group found in places
having from 100,000 to 500,000 population. This
more rapid growth is almost solely accounted for by
the large municipal station installed in the city of
Cleveland and serving a portion of its population.

Table 23 shows for the plants grouped in Table 22
the relative importance of the different items for the
vear 1917,

'‘Table 23 MUNICIPAL CENTRAL ELECTRIC STATIONS~PER CENT
DISTRIBUTION ACCORDING TO POPULATION OF My-.
NICIPALITIES IN WHICH LOCATED: 1917.
Under |, 3000 | 25,000 | 100,000 | coo oo
but under|but tinder{but under| 2%
5,000. | "a5,600. | 100,000, | 500,000, |oned ovar,
Number of stations. , veee 83.7 13.9 1.7 0.4
Value of plant and eq) b 32,0 23.6 8.7 12,4 232 3,
Totalincome................. 38.7 317 10.5 10,2 8.9
Total expenses. .. .....cocuu... . 40.2 28.5 11.0 10.6 9.7
Horsepower of prime movers. . 32.5 21.8 12.8 14,4 12,7
Kilowattcapacity of dynamos. 32.5 27.8 13,4 14.2 12.3
Kilowatt hours generated ... ... 19.2 25,8 13.3 21,1 20,6
Kilowatt hours purchased. .. . 32.3 317 7.0 2,0 27,0
Number of customers. ... ..... 45,2 32,7 10,6 10,8 12




' GENERAL DEVELOPMENT OF THE INDUSTRY. Y

From this table it appears that 83.7 per cent of
all municipal plants are in places having less than
5,000 population, and in all other respects, except
in the number of kilowatt hours generated, this
group shows the highest proportions—32 per cent of
the value of plant and equipment, 38.7 per cent of
the total income, 40.2 per cent of the total expenses,
32.5 per cent of the horsepower of prime movers,
32.5 per cent of the kilowatt capacity of dynamos,
32.3 per cent of the kilowatt hours purchased, and
45.2 per cent of the number of customers.
comparison with 1912, however, it appears that there

has been a considerable decrease in the importance

of this group as compared with the higher population
groups. In that year stations in places having less
than 5,000 population comprised 85 per cent of the
total number reporting, 40.7 per cent of the value
of plant and equipment, 47.5 per cent of the total
income, 46 per cent of the primary power, and
43.5 per cent of the kilowatt capacity of dynamos,
and generated 34.7 per cent of all current, as opposed
to only 19.2 per cent in 1917. The value of plant
and equipment is practically the same in the 5,000
but under 25,000” group and in the 500,000
and over” group. In all other respects, however,
the former group is markedly in the lead. The com-
parative importance of the various items is not much
different in the “25,000 but under 100,000” group
and the ‘100,000 but under 500,000” group, except
in the number of stations and in the number of
kilowatt hours purchased, in which the former has
a marked advantage, while the latter shows a greater
value of plant and equipment (12.4 per cent of the
total ds opposed to 9 per cent) and generated a
far larger proportion of current (21.1 per cent of
the total as opposed to 13.7 per cent). Relative to
the amount of investment, the number of customers
is decidedly lower in the larger population groups,
due to the fact that these plants, in the main, do
only a street-lighting business.

All stations grouped according to the population of
districts served: 1917.—It was thought desirable for
the present census to secure, if possible, more complete
data than have ever yet been assembled regarding the
population of the territory actually served by all cen-
tral electric stations in the United States, as contrasted
with the population of municipalities in which central
stations are located. To be sure, absolutely accurate
figures on this subject are in some instances practically
impossible to obtain, because of the nature of the serv-

Upon

ice rendered and the character of territory served, It
frequently happens, also, that- an electric light and
power plant will serve a population which in the
summer is far in excess of the normal winter popu-
lation. In such cases it is naturally difficult to de-
termine what is the true population served, and the
Census Bureau, in the absence of more specific infor-
mation, has usually accepted the average of the sum-
mer and winter population as being a reasonable esti-
mate of the number of inhabitants in the district
served with electricity by a given station. Attention
should further be called to the fact that frequently
a number of commercial stations are serving the same
population group, while it also happens in many cases
that municipal and commercial plants do business in -
the same territory. Hence, in combining the number
of inhabitants served by the two groups of plants,
great care had to be exercised in order to eliminate
duplicated population. Finally, while every effort has
been made, by means of correspondence and by the
use of the most recent figures on population, to check
up all the schedule returns in answer to this inquiry,
there yet remains a slight possibility of error, due to
the fact that the actual population of many munici-
palities can not always be accurately ascertained.
Some, particularly in the industrial sections, have
during the past few years grown with unwonted ra-
pidity, while it is probable that others have actually
lost & portion of their population since the last official
census was taken in 1910. It is felt, however, that
any of the errors which may have crept into these
figures will largely counterbalance each other, so that
the public may be assured that the percentage of
error in the following tables has been reduced almost
to the vanishing point.

In Table 24 an attempt has been made to show the
amount of current sold for light and power by all cen-
tral electric stations in the United States, grouped into
10 classes according to the population of the districts
actually served from a given center. It should be
remembered that the population reported is not nec-
essarily included within the bounds of any one munic-
ipality., In a few instances it comprises only that
portion of such population which a central station is
in a position to serve, but in very numerous cases the
number of people who live within the territory
reached by the service lines of an electric station
comprise the aggregate population of many separate
municipalities, together with an uncertain number of
suburban residents.



38  .ELECTRICAL INDUSTRIES: 1917.

Table 24 CENTRAL ELEGTRIC STATIONS, GROUPED ACCORDING TO POPULATION OF DISTRICTS SERVED, TOGETHER
‘WITH THE NUMBLR OF KILOWATT HOURS CONSUMED FOR LIGHT AND VOWER SERVIGE: 1017.
Per cent distribution.
FOPULATION GRODE. Number { Population of | Kilowatt] Kilowalt |
umber | Population o ilowntt hours ilowatlt hours T
of sla- glsi riets consumed for | consumed ‘or Kllo;‘lf&;}t’{gg con-
tions. served. light. power, Number. P{’%@,‘I’,"“
! Light. | Power.
Lo ) PRI 6,489 62,919, 662 5,112,412, 249 12, 580, 028, 828 100.0 100.0 100.0 100.0
Under 1,000.. 2,221 1,185, 760 52,083,623 260, 802, 185 34,2 1.9 1.0 2.1
1,000 bllf ander 2000 1,456 1 841,870 94 GIO 077 202 227, 844 22. 4 2.9 1.9 1.6
2,000 but under 5,000 1,383 3 740, 083 218 8‘)'% 2056 354, 403, 358 21.0 5.9 4.3 2.8
5,000 but under 10,000. .. 576 3, 306,579 22(},0a4, 862 361, 796, 574 8.9 5.4 4.4 2.9
10,000 but vader 25,000 408 5 111,742 840, 835, 079 1, 332 081 698 6.3 8.1 6.8 10.6
25,000 but under 50,000.....ccooceaiiaiiait B 181 4,724, 4 34D, 085, 990 946, 339, 029 2.8 7.5 6.8 7.5
50,000 but under 100,000... . 100 4,731, 522 345 420,519 1,270, 41‘) 675 1.5 7.5 6.8 10.1
100,000 bul under 200,600 69 7,182,303 4b0, 182,514 1,304, 31 02 1.1 11.4 0.0 10.4
200,000 bu under 500,000 51 9, 936, 508 811, 3(‘0 518 2, 134, 9:0, 626 | G.8 15.8 15.9 17.0
000,000 and over........ 66 21,009, 706 2,207, 826 862 4, 409, 706, 002 |l 1.0 33.5 43.2 35.0
Commerciel. - ..o eiviineivninienanns e rtaanara e 4,171 56,459,723 4,445, 113,085 12, 244, 392, 657 5 100.0 100.0 106.0 100.0
UNAEE 1,000 sin e ae i ase creeiesaaneraesaraaastranranascnannra 1,477 770,988 32, 12‘%,817 266, 083, 786 : 35. 4 1.4 Q.7 2.2
1,000 buf: rmderz 000.... 830 1, Obl 322 52 154,089 1“1 39(),836 ;| 10.0 19 1.2 1.0
,()CI) but under §,000.-.... . 792 2 261 221 124 282J (38 .il.l 520, 747 19.0 £.0 2.8 2.5
5,000 hut undor 1 000, .. - R 352 .‘2 17(1 865 li(J 391,018 iIG,JM, 304 &4 3.0 2.9 2.6
10,000 but under 20;000 310 1 287, 745 270,6.81 527 1, 282, 679, 204 7.4 7.6 6.1 10.5
25,000 but under 50,000.... 154 4,323,114 307, (36, 232 922, 803, 973 3.7 7.7 0.9 7.5
o() 009 but under 100,000. 88 4, 500, 810 313, 270,631 A,Zm 120 418 2.1 8.0 7.0 10.1
100 060 but under 200,000 63 G,GGJ, 430 4211 ‘s(m,425 1,271, Go‘i 136 ) 1.5 11.8 9.0 10.4
200 OfO hut u11der500 000 48 9,335, 522 74(1 (303, 274 o ()a2, 549,543 1.2 10.5 10.8 17.1
500 Of‘O and over &7 21 099, 706 2 ()40, 844, 834 4,849, 530, 620 1.4 37.8 435.9 35.6
Munieipal. . oocoeriiriiiiiiii i e e 2,318 13,671, 460 667, 209, 164 341,036,171 100.Q 100.0 100.0 100.0
U 0 6 o7 i O 10 DR MDA N P 744 423, 786 19,754, 506 3, 208, 340 32.1 3.1 3.0 0.9
1,000 bul; under b1, ) N 0256 822, 807 42 455, D88 10,831,013 27.0 6.0 0.4 3.2
2 000 butk under 5 L8]0 571 1,043, 319 91 GlU, 567 42, 876, 611 24,8 12.0 14,2 12.5
nn() but under lbL[JOl).. . 224 1,415, 207 95, 604, 244 45,442, 180 9.7 10.4 14.3 13.3
10 000 but under 25,000« .o ov o rreniee e 98 1 344, 854 :b 203,052 4‘) 402 494 ! 4.2 {.8 11.4 14.6
25,000 but under 50,000 27 034, 460 41,449, 758 23, 440,056 1.9] 0.8 6.2 6.9
50,000 but under 16,000 i2 713 192 32, 158, 888 31 293 257 0.5 5.2 4.8 0.2
1()0 (00 but under 200 000 4] 77-), 216 33,810,080 32 413 656 0.3 8.7 5.0 9.6
2('10 000 but under 50() (1 e . 3 850,000 G4, 704, 244 42, 427, 083 0.1 6.2 9.7 12,4
500,000 and ov [ LT D & 4, 748, 940 IO(y, 082 028 60, 285,472 0.3 34.7 25.0 17.6

It must be explained also that the discrepancy be-
tween the number of stations recorded in this table,
6,489, and the total number of stations in the United
States, 6,542, is occasioned because of the fact that
42 commercial stations in 1917 sold current only to
other companies, and so could not properly be said to
serve any population. There were 11 other stations,
10 of which sold some current for power, while 1 sold
a small amount for lighting purposes, but it was
impossible to ascertain any population for the dis-
tricts which theoretically they served, due to the fact
that this current was supplied almost solely to large
and widely scattered manufacturing concerns, while
the plants themselves were located in rural sections.
The total number of these plants, 53, together with
their output for light (104,700 kilowatt hours) and
power (588,708,449 kilowatt hours), added to the
figures appearing in Table 24 will give the United
States totals as recorded in earlier tables.

In the case of both commercial and municipal sta-
tions it is almost astounding to find how large a
number serve so minute a population—about a third
of ench group (35.4 per cent for commercial and 32.1
per cent for municipal) serve less than 1,000 inhabit-
ants—and, as it will be shown in a 1ater chapter,?

18ce Table B8, p. 84,

the average population served by plants in these
groups is a little more than 500, though somewhat
larger for municipal than for commercial plants. In

- both, groups considerably more than half of all stations

(65.3 per cent of commercial stations and 59 per cent
of municipal) are to be found serving a population
under 2,000 and averaging little more than 800. In
percentage distribution there is a constant increase in
the number of inhabitants served by commercial
stations, from the smallest population group to the
largest. For municipal plants, however, while the
group serving ‘500,000 and over” supphes 34.7 per
cent of the entire populatlon reached by all municipal
stations, yet, aside from this instance, the highest
amount of population, relatlvelv, is to be found in
those three groups ranging between 2,000 and 25,000.

The amount of duphcated populatlon Wh1ch has
been eliminated in securing the aggregate figures for
the United States is 7,211,521. In this connection it
may be interesting to note that all of the population
served by municipal plants in the highest group,
4,748,940, is also served by commercial plants. In
fact, the publicly owned plants in this territory con-
fine themselves almost solely to a street-lighting and
municipal power business. Nor must it be inferred
that there are 8 different municipal plants in separate
cities having a population in excess of 500,000, Five
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of these plants are in the city of Chicago, while the
other 3 are located in Loz Angeles, St. Louis, and
Detroit. The municipal plant in the city of Cleve-
land serves only a portion of the entire population
and has been reported in the population group be-
tween 200,000 and 500,000, along with the Columbus
and Seattle plants.

Finally, it is significant to find that 8 of the North
-Central states—Nebraska, Iowa, Kansas, Wisconsin,
Missouri, Tiinois, Minnesota, and Ohio, in the order
given—all report more than 100 plants in the lowest
population group, or an aggregate of 1,090, which
is almost 50 per cent of the total number of plants
in this group. The same states, also, with the addi-
tion of New York, Michigan, and Georgia, report
almost half of the total number of plants in the popu-
lation group between 1,000 and 2,000, while in many
cages, with the addition of Pennsylvania and Okla-
homa, they also lead in the number of stations re-
ported in the population group between 2,000 and
5,000. These figures are interesting when consid-
ered along with the distribution, according to states,
of plants purchasing all their current, as well as of
those smaller unincorporated stations which generated
current largely by the use of internal-combustion
engines for primary power. The former are most
numerous in the states of Jowa, Ohio, New York,
Pennsylvania, Indiana, Ilinois, Kansas, Magsachu-
setts, Wisconsin, and Minnesots, in the order given,
all of which report more than 50 purchasing plants
per state, making a total of 792, or 55.9 per cent of all
such plants in the United States. As it has been
already pointed out, in addition to the state of
Texas the individual plants and firms aré also found
in greatest mumbers in Minnesota, Iowa, Missouri,
Nebraska, Kansas, North Dakota, .Ohio, Illinois,
'Michigan, and New York.

Perhaps little need be said at this stage regarding
the relative quantity of current supplied for light and
Tor power by the various groups of plants, as the matter
will be more carefully analyzed in the chapter on
“Qutput and disposal of current.” Attention should,
however, be called to the fact that, with one exception,
the different groups of commercial plants show an
increase in the percentage distribution of current
supplied both for light and power almost in equal
ratio with the increase in the percentage distribution
of population. The quantity of cwrent supplied
for light by the group of stations supplying a popula-
tion in excess of 500,000 (45.9 per cent of the total
for commercial plants) is relatively higher than the
quantity supplied for power (35.5 per cent). This is
readily accounted for by the fact that the population
“of districts served does not necessarily bear close
relation to the amount of current which may be
utilized for power purposes. On the contrary, it is
the location of large factories and mines which is the

most decisive factor in the situation, whereas current
will not be supplied for lighting to an increasing
extent unless the-population is also increased. The
percentages for municipal plants disclose a different
condition, While it is true that the highest popula-
tion group delivers the greatest relative quantity of
current both for light and power (25 per cent and 17.6
per cent, respectively), yet, agide from this case, the
highest percentage distribution is to be found in those
groups of municipal plants between 2,000 and 25,000
population, all 3 of which are reasonably close to-
gether. - Those municipal plants serving a population
between 200,000 and 500,000 rank fifth in distribu-
tion of current. ’

COMMERCIAL AND MUNICIPAL CENTRAL ELECTRIC
STATIONS GROUPED ACCORDING TQ POPULATION
QF DISTRICTS SERVED—PER CENT OF TOTAL
NUMDER AND OUTPUT FOR LIGHT AND ¥OR
POWER: 1917,

Table 25

POPULATION GROUT. .
Kilowatt hours || Eilowatt hours
constingd for || eonsumed for
light, power.

Number.

Com- [Munici-
mercial.| pal.

Com- | Munici
mercial.| pal.

Com- [Muniol-
maereial| pal.

Under 1,000, . . .ooenniaeeool | 66,5 33.5 62.1 37.9 98. 8 1.2
1,000 but under 2,000, . .........} 7.0 43.0 5.1 44,9 94,8 5.4
2,000 but under 5,000, .. ... .. 53.1 41.9 56,8 43.2 87.9 12.1
5,000 but under 10,000 __ 4 6L 38.9 5.7 42.3 87.41 12,8
10,000 but under 25,000, . .......| 76,0 24.0 78.01 220 96.3 3.7
25,000 but under 50.000. ........ 8.1 14.9 8s8.1 11.9 97.5 2.5
50,000 but under 100.000_ . ......] 88.0 12.0 90.7 9.3 97.5 2.5
100,000 but under 200,000, ......] 91.3 8.7 02.8 7.2 97.5 2.5
200,000 bt under 500,000, ... ... 94.1 5.9 02,0 8.0 98.0 2.0
600,000 ant over.. ... ... ..ol 8.7 12.3 92.4 7.6 98.6 1.4

Perhaps it will be of interest further to indicate the
relative importance of commercial and municipal sta-
tions according to the per cent of the total number
and output which each class forms of the several
population groups. Irom Table 25 it can be seen
that municipal plants are relatively most numerous
(43 per cent of the total) in that group serving a
population between 1,000 and 2,000. The percentage
of municipal plants is almost as high in the next two
groups, 41.9 and 38.9 per cent. From this point there
is a gradual decrease in relative number of municipal -
plants until the highest group is reached, in which the
percentage is abnormally high (12.3) because of the
fact that the 5 municipal plants in the city of Chicago
are serving the same population. Contrary to what

might have been expected, municipal plants form a

lower per cent of the total number found in the
population group “under 1,000’’ (33.5 per cent) than
in the three succeeding groups. In the sales of current
for lighting purposes the municipal plants report the
highest percentage of the total in the four lowest
groups, with an almost uninterrupted decrease in
relative importance as the higher groups are reached.
The same general conditions prevail so far as current
supplied for power is concerned, though in all but
two cases the relative quantity of such current
reported by municipalities is negligible in every group.
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Crarrer IIT.—-DEVELOPMENT OF HYDROELECTRIC STATIONS.

Hydroelectric development.—As the cost of fuel
mounts, increasing attention is being directed to the
possibility of a further extension of hydroelectric de-
velopment in the United States. .

In the movement for fuel conservation, through the
increased utilization of water power and the use of
electricity thus generated for industrial purposes in
place of the present wasteful methods of supplying
motive power, the states and the Federal Govern-
ment have taken a profound interest. Estimates
vary widely as to the actual amount of water power
which would at all times be available for the generation
of electricity, and at present there are many sections
of the country which could not in any event be sup-
plied with current produced in water-power plants,
owing to the natural limits to long-distance transmis-
- sion. The official estimates made in 1912 place the
minimum horsepower of our waterways at 27,000,000
during the most unfavorable periods, the maximum be-
ing at least 52,000,000.! Some estimates have placed
the maxinmum at not less than 60,000,000, and, be-
yond a doubt, many times the minimum horsepower
here mentioned could be secured through artificial
‘develcpment, such as the construction of storage
basins, etc.
1,826,443 water horsepower was used in manufactur-
ing industries;?* and the present census of electrical
industries discloses the fact that in addition central
electric stations and street railways together utilize
4,905,256 water horsepower. This would indicate a
total developed water horsepower at the present time
of not far from 7,000,000, since there are numerous
private developments which have not been included
in the census returns. Hence there is apparently
left, under the most unfavorable conditions, at least
20,000,000 undeveloped swater horsepower, an amount
which could be vastly increased by artificial measures.
In 1917 the electrical industries under consideration
reported 11,992,991 steam horsepower and 238,700
horsepower in internal-combustion engines, while the
latest figures available show 15,681,688 steam horse-
power used in manufacturing industries, together with
991,905 in internal-combustion engines. Accord-
ingly, the total horsepower, other than water wheels
and turbines used in all industries and electric public
utilities, is probably at presentnot far from 30,000,000.
Steam heating plants will, in addition, utilize many
million more boiler horsepower, and the 60,000 odd
locomotive engines in the United States® doubtless
represent in the aggregate a steam horsepower even
greater than that used in industries and local public
utilities.

1 Report of the Commissioner of Corporations on Water-power
Development in the United States, 1912,

2 Statistical Abstract of the Censusof Manufactures, 1914, p.491,

3 Statistical Abstract, 1916, p. 204.

According to the census figures for 1914, -

It is no doubt true that a large part of the motive.
power which is at present supplied by the wasteful
combustion of coal and the utilization of gas and oil
can be, and eventually will be, obtained through the
generation of electric current by means of nature’s
unfailing water supply. Buildings may thus be
heated by electricity, and a large per cent of oursteam
railways might profitably be electrified. As our re-
sources of coal and oil become exhausted, with the
attendant prohibitive rise in prices, hydroelectric
development will increase with rapid strides. It must.
not be forgotten, however, that the distance over
which electricity can profitably be transmitted, which
is now not less than 250 miles, is still strictly limited
by engineering difficulties. THence there will always
be sections which can not be served by hydroelectric
development. Further, the capital outlays required
for the development of storage facilities as well as for-
the installation of generating stations sufficiently large
for economic operations, not to mention the enormous
cost of comstructing and maintaining high-tension
transmission lines, act in the present as a strong
deterrent from the rapid growth of hydroelectric
generation and transmission of current. Again, if
our water power were developed to its highest utili-
zation it would naturally be accompanied by the
abandonment of a large number of the central stations
now in operation, together with the junking of a-
large part of the equipment at present used in manu-
facturing establishments. To be sure, there would
be & saving in fuel which at present prices would
amount to from $1,000,000,000 to $2,000,000,000:
annually, There would be a further saving of at
least hundreds of millions of dollars which are now
paid as wages to the many thousands of workers
whose services are rendered necessary by the present.
methods of supplying power, but whose services would
no longer be necessary with a general electrification of
industries. All of these prospective savings appeal
to the imagination of one who studies the future’
problems of industry. At present, however, the high
cost, of copper and of capital needed for the develop-
mental purposes is rather effectively offsetting the:
high cost of fuel used in the old establishments.

In many cases it appears to be true that the gains
which would result from & conservation of the national
fuel supply and a full utilization of the national
water resources would be ‘‘public and future”
rather than “private and present.” What from an
engineering point of view may be possible is not
necessarily advantageous. Hence, though there is
sufficient water power in the New England states and
in New York, Pennsylvania, West Virginia, and the -
Carolinas to supply most of the industries in the
United States, and while there are still vast resources
in the mountains of the West which would make it.

(41)
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possible to electrify an extensive mileage of the trans-
continental railways, and though many buildings
and private residences might be heated by means of
electric current, yet the developmient under private
control will be gradual, until the time is reached when
the economic and social gains generally. resulting
from conservation of this sort will outweigh the costs
which such a change would unavoidably entail.
With lower interest rates, with lower prices for material
and labor, together with greater certainty of retwn
on legitimate investment than at present exists, the
movement in this direction would doubtless be more
rapid. At any rate it may reasonably be expected

" 1,000 horsepower and over.

ELECTRICAL INDUSTRIES: 1917.

that in the future, wherever possible without the
actual destruction of existing investments, water
power will be more widely used.

Importance of hydroelecmc stations—With a view
to showing the relative importance of those larger
water-power plants to which the term ‘‘hydroelec-
tric’’ is. more properly applied, Table 26 has been
prepared. In this tabulation are given, for 1917
and 1912, the leading items for all stations in the
United States together with corresponding items for
those stations Wthh report water-power equipment of
Some of these, of course,
use other kinds of primary power.

wable 26 CENTRAL ELECTRIC STATIONS—COMPARISON OF HYDROELECTRIO AND ALL STATIONS: 1917 AND 1912,
Hydroelectric sta- .
1917 1912 ions—Per coul Per gontt of tu-
of total. crease.
Stations report- Stations report~
odioma ing water power e ing water power All Hydro-
Allstations. OF 1,000 hiopses Allstaticns. oF 1,000 prg e 1917 12 N oo | eléetrie
power and over. power and over. . stations,
Number of stations 259 5,221 225 4.0 4.3 25.3 15.1
Value of plant and equipment 33&060 392 141 $1,306,619,224 $2,175, 678 266 $922, 064, 341 45.6 42,2 40,7 5.3
Totalincome................ o2G,8 ,24 31.)7 580 682 $302 273 398 $72,717,582 29.9 241 74.3 116.7
Blectricservice. $502, 059, 980 5149 224 378 8287 138 657 $068, 852,631 29.7 23.3 74.8 123,2
All other sources. . 824,854 260 38 356 304 315 134 741 3.;,864 951 83.6 38.8 64,1 42.56
Total expenses, including salaries and wages......... 5420, 508,307 $125,027,197 $234, 577,277 356,342, 064 29,3 24.0 81,8 121.9
% ()il cal umber of persons employed.................. 105,541 25,590 . 79,335 17,160 24.2 21.6 33.0 49.1
Tine movers:
13,795 2,804 11,902 2,004 19.5 17.6 15.9 28.7
St Horsepower. 12,038,755 5,867,447 7, 530 044 3,176,074 45.4 42,2 71,8 84.7 ¢
enm engines—
Number........... . 5,788 323 6,818 397 5.6 48] —1s.0 —1.2
St IInil;s%%c;]\lver......., ......................... 1,701,677 196,996 1,805,382 204,673 11.6 10.8 10,2 3.8
oam burhines—
B34 21173 R Sesrataannnnanns 1,699 331 1,034 190 19.5 18,4 64,3 74.2
S KviaTi oTu) 1 R SOOI 6,747,309 1,587,207 3,054,390 680,069 23.2 22.3 120.9 130.
Water wheels and turbines— ’ : e 304
3,374 1,995 2,939 1,558 59.1 53.0 14,8 28,0
Inte}fgisggg;]\;%%t T ensine 4,277,273 4,002,882 2,469,231 2, 286 546 95,7 92.6 78,2 79.0
B (01 Y- P 2,034 45 1,116 19 1.5 1.7 162.9 136.8
D HOrsepOWer s cueeeseeacacnranens eaadereaian . 210,406 10,362 111 035 5,686 4.9 6.1 89.5 82.2
NAMOs:
v B P b ¢ 3T 13,428 A 12,610 1,032 18.1 16,3 6.5 25.6
Kllmvattoa.pacib ............................ 8,004,407 3,084,294 b 16‘),439 1, 979 397 44.0 38.3 74.1 99,8
é\?utnhel of kﬂc{\vatt houés generated........... ..., 25,438, 303,272 13,024,464,0619 11,560, 109, 885 5,845, 504, 850 54.7 50.5 118.9 138.2
ationary motors serve
$11) 555,924 145,032 435,473 78,045 26,1 16.9 27.6 96.9
Hmse])o“ ) S 9, 216,330 3 360,371 4 130,610 1,283,769 36.5 3.1 123.1 161.8
Number of customers 178 708 SG 284 831 1518 (2’) 23.5 O] 87.1 @

1 A minus sign (—) denotes decrease.

It is interesting to find that the actual increase in
number of hydroelectric plants since 1912 has been
only 34, or 15.1 per cent, while the number of all
stations has increased 25.3 per cent. In every other
important respect, however, the rate of increase has
been much more rapid for the water-power plants,
The value of plant and equipment increased 51.3 per
cent as opposed to an increase. of only 40.7 per cent
for all stations, until at present nearly half the total
investment in central stations, 45.6 per cent, is found
in the 259 hydroelectric plants. The rate of increase
in other items appears fully to have warranted this
more rapid growth in investment. For instance, the
horsepower of prime movers increased 84.7 per cent
and the total dynamo capacity 99.8 per cent, while
the corresponding growth for all stations was only
71.8 per cent and 74.1 per cent, respectively. Further,
the income from the sale of current has increased 123.2
per cent, from $66,852,631 in 1912 to $149,224,378 in
1917, an absolute percentgge gain of 48.4 per cent over
the rate of increase shown by all stations, which was
74.8 per cent. The increase in expenses was almost

2 Tigures not available,

equally rapid, 121.9 per cent, though relatively not so
great as in the case of centml stations in general. At
the present time, accordingly, these hydroelectric
plants report 29.9 per cent of the total income and
29.3 per cent of the total expenses, while in 1912 these
proportions were "24.1 and 24, respectively. The
growth in number of kilowatt hours generated, while
more rapid for hydroelectric stations (138.2 per cent)
than, for all stations (119.9 per cent), has not been rela-
tively so great as the increase in income from the sale
of current. In other words, it would appear that the
rates charged for service may have decreased some-
what more rapidly for all stations than for hydro-
electric stations, since the income from electric service
for the former increased only 74.8 per cent, while the
number of kilowatt hours generated increased 119.9
per cent, an absolute percentage difference of 45.1 per
cent as opposed to an absolute percentage difference
in the case of hydroelectric plants of only 15 per cent.
Both groups apparently have been utilizing a given
amount of generating equipment much more effec-
tively than at earlier periods, while the fact that the
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dynamo capacity of hydroelectric stations has in-.

creased much more rapidly than the horsepower ca-
pacity (99.8 as opposed to 84.7 per cent) indicates that
in 1912 these stations probably hdd a good deal of
excess water-power development.

Table 27 ALL GENERATING STATIONS AND HYDRO-
HLECTRIC STATIONS COMPARED: 1017,
Stationsreporting water
Allgenerating power of 1,000 horse- -
stations—— power and over.
Number or —
amount. Number or | Percent
amount. ofotal.
“Number of plants, . ..ooiiueeneniirnena- 5,124 250 5.1
Number of eparate generating stations. 5,824 684 1.7

Number of cities, towns, etec., served
by ganerating pfants ..................

22.0
Valug of plant and equipment. . ver

11,364 9,497
$2,9052,493, 677 || 81,308, 619] 224 473

TOtAIINCOMB. . v eu s ceeenaeeaannsoa e $494,072,405 [|  §157, 580, 682 31.8
Light, heat, and power, including
froesorvice | s471,008,414 || $149,224,878 318
Allothersourees. .. .uveoeeenaaan.. $23, 908, 991 88, 356, 304 35.0
Total expenses, inclu
B 20 Y $400,445,429 || . $125,027,197 31.2
Totalnumber of persons employed. .. .. 99, 666 25,590 25.7
Total NOrS8POYer. e et epurne e e 12,875,522 5,867,447 45.6
Steam engines andsteam turbineg—|
7,300 654 9.0
8,801,816 1,764,203 21.0
3,358 1,995 50,4
Horsepower. ...... 4,274,479 4,002, 882 95.8
Internal-combustion engines— .
Number...........0 .......... 2,914 45 1.5
. T orsepower.............. 200,227 10,862 50
Kilowatt capacity of dynamos 8,043,423 5 954 44,2
Output ofstations.......... .. .| 29,807,378,386 {| 16,018, 906, 900 53.7
Kilowalt hours gencrated .1 25,438,303,272 || 13,924, 464,619 54.7
Kilowatt hourspurchased 4,360,075,114 || 2,004,442,371 47.9
Kilowatt hourssold...... 24,661,331,206 || 13,148,046, 560 53.3
Torlight.._....... | 4,72, 2r7,255 || 1,120, 506, 702 23.5
Forpower............ .| 12,622,123,027 1| 7,523,445, 0685 50.6
. Toother companies..... leeeen 7,260,030,984 [ 4,504,994,173 62.0
Stationary motorsserved:
NUmMbDeY . e ivtieiiivaanaanas 509,778 145,032 28,5
Horsepower. . .. 8,765, 570 3,360,871 39.3
Number of custom.er: 6,570,430 1, 686, 284 25.7

plants is indicated by the fact that while they sell
53.3 per cent of all current sold, their proportion of
current sold for lighting is only 23.5 per cent, while
the proportion sold for power and to other companies
is 59.6 per cent and 62 per cent, respectively. The
relative number of customers (25.7 per cent) corre-
sponds closely with the relative amount of current
delivered for lighting purposes. That the rates of
hydroelectric stations are in general much lower than
those charged by other generating stations is shown
by the fact that while they sell 53.3 per cent of all
current, their income from the sale of current is only
31.8. per cent of the total.

Table 28 ALL GENERATING BTATIONS
AND HYDROELECTRIC
BTATIONS—AVERAGE TER
STATION: 1917,
. Statians
All roporting
gonerating wa(i;?xl]())&\)vm
stations. Borsehow
power
“ and over.
Number of separate generatingstations. .. ... ... ... 1 3
Number of cities, towns, ete., served by generating
L4 N O

Value of plant and equipment. .
MotAlINCOINO. ... iy eieerenrsirseearrienninnasenaanans

2 10
$578,105 |  $5,302, 85
$008, 420

]
Tota] expenses, including salaries and wages......... $78,151 $482, 730
Totalnumber of personsemployed...... - 19 o0
Total horsepowor............. 2,513 22, G54
Kilowatt capacity of dynamos, 1,745 15,267
Output ofstations............ 5,817,209 61, 840, 062
{ilowatthoursgenerated. 4,964, 540 53,762, 412
Kilewatt hourspurehased . oo voeeieoeneneananan.. 852, 6 8, 086, 650
Kilowatt Bourssold..ocuernieniiirneioiinannnnn. 4,812,900 50,768,133
TOPUENE - o v emeeimeneanenaeeerreanenneanannns 931, 368 4,306,281
TOrpower. .iveeeeunenn-- 2,463, 334 , (48, 053
To other companies....coevener.s 1,418,214 17,303, 800
Horsepowor ofstationary motorsserved. < 1,711 12,974
Number of Cusbomers. .. .....oceeviannne e 1,282 6, 611

Comparison of hydroelectric and all generating sta-
tions.—It is perhaps more accurate as well as more
satisfactory to compare hydroelectric plants with all
stations which generate curent instead of with all
stations in the United States, since a large percentage
purchase their current, and accordingly furnish a poor
basis of comparison.” In Table 27 some of the more
detailed relations are worked out in order to show the
relative development of water-power plants. All
primary power and dynamo equipment not in use has
been eliminated from the figures here given. It is
significant to find that, while these stations comprise
only 5.1 per cent of the total number of central gen-
erating plants, they report 11.7 per cent of the sepa-
rate generating stations, each hydroelectric plant fre-
quently having several different generating stations
which supply current to a central point for distribu-
tion. TFurther, as a result of their transmission of
current over long distances they serve 22 per cent of
all municipalities supplied by generating stations.
They represent almost half the investment in plant
and equipment (47.3 per cent), receivenearly one-third
of the total income (31.8 per cent), incur about one-~
third of the total expenses (31.2 per cent), and employ
a little more than one-fourth of all employees in gen-
erating stations (25.7 per cent). The water horse-
power which they report is 95.8 per cent of the total,
whereas in 1912 the proportion was 92.6 per cent.

The character of business done by these water-power

The data given in Table 28, showing the averages
per station, will perhaps make clear the great im-
portance and size of hydroelectric plants. They have
2.6 separate generating stations per establishment as
opposed to only 1.1 for all generating stations, and
they serve 9.6 municipalities per station, while for all
generating stations the average is only 2.2. The

- average value of plant and equipment, $5,392,352, is

more than nine times as great as that of all stations
in this group, $576,195. It is apparent, however, that
the average income, $608,420, is smaller relative to
the investment than is the case in all generating sta-
tions, in which the average is $96,599. The greater
amount of investment per plant has a close relation
to the greater capacity and output of stations, the
average number of kilowatt hours generated being
nearly eleven times as great as for all generating sta-
tions. Finally, the economies which result from the
decreased amount of labor needed in connection with
water-power generation is evidenced by the fact that,
while all generating stations report an average of 19.4
of persons employed, the hydroelectric stations, in
spite of their far greater output and capacity, employ
but five times as many men, or 98.8 per plant.
The average investment per kilowatt capacity of
dynamos is found to be $353 for hydroelectric stations
as compared with $330 for all generating stations in
the United States and $312 for all generating stations
other than hydroelectric stations.



44 ELECTRICAL INDUSTRIES: 1917.
HYDROELECTRIC STATIONS REPORTING WATER POWER OF 1,000
Table 29 INCOME.
Num- Electricservice.
Num- bor of Valne of plant
DIVISION AND STATE. er of stﬁ%’ and gqeuiplr)nent.
plants. | g Aggregat Sale of electric | metimat Al othor
5 ggregate. Estimated | income.
tions. current to
Total Light, hest, | garpuplie | Y8iue
g and power. SErvite cor- of [5ee
porations, | Serviee.
i UNITED STATES..evcreenmnnnnsn 259 684 | 81,396,610,224 3157, 580, 682 $149, 224, 378 $121,382,108 $27, 653, 444 $188, 826 $8, 366,304
GEOGRAPHIC DIVISIONS: X
2 New Englend............_....... 49 106 103, 442, 805 18, 073, 660 17,168, 320 12, 802, 489 4, 245, 711 30,120 905, 331
3 Middle Atlantic 42 70 162, , 678, 818 : 22 499, 600 20 689, 888 14,598, 605 6,073,123 18,160 1,800,712
4 Tast North Central. 40 130 | 206,529, 074 31, 648, 445 30,013, 601 26, 848, 662 4,028, 079 35,060 734, 844
5 ‘Wast North Central. 26 67 127, Gao, 108 12, 062, 451 11, 601, 759 8, 089, 681 2, 011 557 621 460, 692
6 South Atlantic. 32 57 07,490, 854 9,054,088 8, 527, 306 8,012,016 1, 509, 049 8,430 427,603
7 South Central 10 34 83 3:5 306 5,168,109 5, , 018, 766 3, 250, 088 1, 758, 808 80 140, 343
8 Mountain. . 25 98 213 566 487 19,176,107 16 706,120 15,033, 031 1, 604 532 68, 557 2,469, OR7
9 Pacific 35 122 401, 887, 714 38 997, 322 37 598, 520 31 747,830 5, ﬁ2(), 885 29,989 1, 308 802
NEW ENGLAND:
10 L Pl TN 11 31 22, 848, 527 2, 240, 200 2,018, 850 1,506, 722 483,616 28,512 221, 350
Il New Hatnpshire.. i} 12 11, 587, 477 1 643,718 1 514 030 ‘)11 620 602,410 [ ..., 129,688
12 Vermont....... 14 27 11, 508, 014 . 1 300, 585 1 260 180 1, 030 136 222,474 1,550 40, 425
13 Massachusetts 10 20 32, 235, 878 ﬁ 740, 705 5, 5‘33 622 d 946 517 1, .187 105 |L.ooenenin, 207, 083
it Rhode Island and Connecticut. .. 8 16 25, 672,909 7, 148, 446 g, 341 6867 5 4‘)1 404 1 3.)0 106 67 306 779
MIDPDLE ATLANTIC: ‘
15 New York..veeiimininnininannns 32 56 123, 591, 874 17,916,408 16, 337, 818 11, 809, 550 4, 423,673 14, 505 1,578,078
16 Pennsylvania.........voouaina. 10 14 39, 086, 944 4, 583,104 4,352, 070 2 609, 056 1, 649, 450 3,565 231, 034
EAsT NorTHE CENTRAL: '
17 Ohio and Indiana 5 11 17,072,565 2,099, 201 2,065,314 1,587, 247 4064, 052 3,085 43, 887
18 U TTiTa)E SN 4 23 45,774 148 7 016,185 G, 810,032 (l 150, 854 626, 040 27,138, 206 168
19 Michigan... 17 59 112, 281 768 10 633, 305 19, 223 484 17, 30(5, 048 1, 810, 699 5 537 40() 821
20 Wiseonsin. ..o .o 14 32 .51 393 593 2 809, 754 2 821 77l 1,797,613 1 020, 458 ' 200 74 1 083
West NorTit CENTRAL
21 Minnesota. ....ooviiiieiaaiiaian.. 11 32 45,663, 552 6, 019, 024 5,901, 168 5,457, 006 443, 170 86 117, 856
22 Towa and Missouri 5 11 51 81.;,734 2 730, 556 2, 601 363 873 505 1,727, 423 435 188 193
23 South Dakota... 3 4 8 148, 75 626,595 013,430 490, 721 G, 700 113, 165
24 Nebraska...... 3 8 2,553,532 225, 796 217,592 103, 033 54, 569 8, 204
25 KAISAS. e e e v e ccierraaaecaanaanans 4 12 10,413,533 2,451, 450 g, 3(}8 200 1, 998 510 dGO 680 83,274
SOUTH ATLANTIC: .
20 Virginia and West Virginia....... 9 19 22, 835, 884 1, 580, 440 1,548, 885 1,490,771 52, 804 5, 250 37,504
27 North Caroling. ... ... c.eeoeeiaon 10 14 30, 667, 521 4, 745, 204 d (512 352 .3 905, 388 400 814 180 132,912
28 South Carolina....... 8 16 26, 768, 704 2, 255, 597 2,040, 962 1,673, 071 366, U1 . 214, 635
20 Georgia and Florida. 5 8 17,158,665 1,307,648 1, 325, 166 Dell K86 343, 280 42,482
SouThn CENTRAL:'
30 TOINESSEO. s o s e cenrnranssasssannan 5 11 49, 246, 600 2,717,534 2,684, 4490 1,485, 238 1,100,218 |o...ooie.... 33, 085
31 Alabama, Arkansas, and Texas.. 5 23 34, 128, 757 2 450 575 2 dd4 317 1 774 752 550, 485 80 116, 258
MOUNTAIN:
82 Montana 5 17 33, 214, 313 U 016, 247 7,305, 387 6, 531, 841 713,540 |........ 1, 710, R0
33 aho.. i 15 24, 770 195 691 800 1 577 8064 1 4o8, 094 103, 470 16, 300 114, 026
34 Colorac 5 22 29, 941, 692 2,357, 608 2,975,185 2,011,795 263, 140 250 82, 483
35 Arlzona and Nevud & 8 19, 589, 203 1, 122 097 1,025,418 955, 343 70 51 PN UG 674
36 U5 7:1 P 5 36 aG 051, 084 4 988, 205 4 522 266 4,075, 018 394 341 52,007 46.) 0939
Pacric: |
37 Washington, 10 23 33,505,118 3,365, 752 3,203,114 3,103, 020 121, 830 7,066 62,038
38 Oregon....... 12 la 333,674 1, 000, 488 1 021 440 992 299 27,107 1,050 30,042
39 California 18 87 353, 048, 922 34,681, 082 33 283 960 27, 591 708 5,671, 868 20, 384 1,207,122




DEVELOPMENT OF HYDROELECTRIC STATIONS. 45
HORSEPOWER OR MORE, BY GEOGRAPHIC DIVISIONS AND STATES: 1917. |

' = T
| PEIMARY POWER. :
Steam engines. {
Total expenses, Total
including number Apgregate.
salarios and of persons Total 500 horsepower or [0 ver 500 and under| 2,000 and under 5,000 horsepower
wages. employed. | ' under. 2,000 horsepower. . 5,000 horsepowor. and over.

; Num- Horse- Num- Horse- Num- Horse- | Num- | Horse- Num- [ Horse-

| Number. | Horsepower. ber. power. ber. Dower. ber. power. | ber. power. ber. powor.
2125,027,197 25,590 2,604 5,867,447 323 108,996 | 233 57,279 71 85,512 14 37,208 5 36,807 | 1
14,102,827 3,186 494 559,452 1 . 44 21,774 | 27 8,491 17 2
17,513,593 3,221 419 1,043,847 " [i] 40,708 39 9,478 11 3
25,372,385 5,837 504 941,638 1 81 45,407 53 13,880 20 q
10, 906, 843 2,208 | 220 458,355 | 30 12,317 36 8,187 2 5
8, 051,035 1,372 216 605,325 | 0 ,500 (i 5 1,250 3 §
4,902, 950 928 115 318,914 ; 35 7,900 33 8,57 2 7
12,526, 371 2, 563 257 658, 820 31 20,334 2 5,340 i 8
31,651,183 6,275 3490 1,280, 786 27 42,998 15 4,074 4 g

1,647,108 134 154 81,192 13 5,800 10 3,500 3
1,048,578 267 60 02,264 7 4,380 3 1,189 4
995,870 253 3 59,608 |, ] 2,435 5 1,685 1,

: 4,403,544 928 106 | 209, 085 |} 5 2,425 3 875 2

i 5,017,729 1,304 91 147,303 13 8,725 6 1,245 7

i !

; 13, 873,205 2,416 338 822,224 3 36,508 29 6,278 1. 9,430 i 3, 000 2 16,800 @ 15
3, 840,388 805 81 221,023 11 5,200 10 3,200 .. ..., eemcanrennan 1 2,000 |- oioai]iieanes eveeo 18
1,823,469 335 98 | 83, 671
5,720,813 1,529 134 169,CB0 |
15,460, 078 sa02| . 23 504719 |
2,867,125 481 . 127 184,186 |
5,354,401 1,158 89 149,117 |-

2,478,676 337 [ 179,700
535,950 88 13 14,500
193,405 39 18 9,050
2,344,316 586 49 105, 628
1,515,234 341 54 74,540 1
2,873,014 467 49 203, 700
2,521,252 a15 69 239, 650
1,141,535 249 44 1
2,522,762 355 42 150,074
2,380,198 573 Ite 168,140 |}
4,909, 974 576 2 268,157 I
1, 348, 830 311 49 49,815
1, 820,039 426 61 86, 69
793,574 197 19 35,415
3,663,904 1,053 83 218,623
2,626,902 825 45 132,249 2 265 2
055,324 262 42 306,181 & 3,550 6
28, 069, kg7 5,188 262 1,114,358 17 39,191 7




46 ELECTRICAL INDUSTRIES: 1917.
HYDROELECTRIO STATIONS REPORTING WATER. POWER OF 1,000 HORSEPOWER

o

D503 Do LOha

Table 29--Continued. . PRIMARY POWER—continued.

Steam turbines. ‘Water wheels and motors,
Internal~
ooir‘riwus-
TATE. on
DIVISION AND § 500 horso- agcﬁf I{iggr 2,000and | 5,000 horse- | enplnes. ) 500 horse- | Over 500 and
Tolal POWEr OF | 5500 horse- undeor 5,000 Ppower and Total. power or under 2,000
under, ! power. horsepower. over. under. horsepower
!
' D ) 1 1 ) B [} 1 '
g | Horse- *||H o Horse-|H 1| Iorse- |g »i| Horse- {8 | Eorse- w|Horse< B | Forse- 1 | Horse- [ € | Horse-
E_S power. é 2 power‘gz power, 23 pover. E 2| power. ES power. Z‘EE power. l§’° power. ‘.2 E power,
UNITED STATES...uereeenenannas 331 %1, 567,207 || 22 | 5,414 |137 144,105 | 70 {216,393 (102 |1,201, 235 46 10,362 (1,095 (4,092,882 | 778 1212, 470 nr 718, 617
GEQGRAPHIC DIVISIONS: . ;
New England. .. .................[ 67 217,108 5 238 | 30 | 32,141 | 19 | 50,285 | 13 | 125,443 3 500 §80 320,072 24’{ Bﬁ‘, 106 1 96 ; 84,707
Middle Atlantic,...coeeeenoiianoee 43§ 104,888 4 607 ' 18 1 16,338 | 9} 30,070 | 12 | 117,806 [....[-.-.... 322 | 838,251 96 | 20,086 | 114 | 113,700
East North Central..c.cecernanae 80 | 480,155 ||....[.-...... 31 81,047 [ 26 | 51,448 | 33 | 405,760 | 8| 1,176 | 425 | 405,809 2}() 07,506 | 164 | 150,37)
West North Ceniral............... 34 140, 959 2 600 © 16 © 15,310 | 6 14,7201 10| 110,320 | 21 | 5,966 | 120 | 200,114 50 [ 12,679 | 48 | 48,035
South Atlantie.................... 20 81,000 1 500 ;13 . 15,025 | 820,535 | 4, 45,000 {-...]-.-....0 181 510,708 |f &4 | 14,610 | 67 | 70,808
South Ceniral. ..o oooeviiiiia. ) 4 | weeelenneseesl B0 67,400 | 10 ] 1,010 57 5, 0 16 8,200 [ 10{ 11,33%
Mountain..... 2 ! PR 3 31,448 | 1 251 291 697,588 || f0 | 13,607 | 122 | 127,571
Pacifle. .covivenennannaanns cieaees 4 121 40,320 [ 22 207,000 ( 2 1,087 | 205 827,100 {{ 55| 10,408 | 03 { 103,183
NEW FINGLAND: :
a0 e . 3| 6,000 leecfeininn.... ....| 138 | 67,302 )\ 102 28,712 | 32| 20,080
New Hampshire......ccvuveivenen PR R R Sl 8,000 2 49,4 314 7,475 11 9, 050
VBMIOOE - e nevnenssinnsnsnnnns 9,650 1] 4,000 ....[.. g1 60| 60| 47,473 || 41| 13,18¢| 21| 18,080
Massaehusotts e e cnneecaaaneannan 22 12 113,033 | 7129215 3 41,042 | .o aaa 70| 122,170 :ll 9, 13 21§ 17,434
Rhode Island bnd Conneeticut....{ 32 | 106,068 [} 5 238 [ 10| 10,868 | 8120070} 9 75,800 [..oofenianns 40 33,012 || 32| 6,058 [ 11| 11,954
MIDDLE ATLANTIC:
New York. covoevvnerocmancaeenans 31| 106,190 |} 3 107 | 16 | 14,973 61 19,410 71,700 |oovefeeeaeaaf 204 | 080,520 856 | 22, 0?0 B 77,440
Ponnsylvanin. . coeeieeramnanaaiin 12 58,608 | 1 GO0 | 2 ,866 | 3 | 10, G 40,1006 [..vfonvean B8 | 157,725 11| 8,450 | 89| 86,208
East NORTH CENTRAL:
Ohio and Indisna. ... ........ ..., 3 (12,0801 3 25,870 | 1 360 37,001 71| 22,351 ( 12| 14,650
TUINOIS. 4 e eceeracenaceamneaminanaas 711908 | 7| 67,882 [....|e.ce.e.| 78| 88,020 69| 17,320 | 2| 1,600
Michigan...co.cooviiiiiiinnnnnnaos G {19,682 181 278,088 |....|....... 172 | 179,810 || 33| 10,507 | 134 | 82,413
Wistonsin...o.vovvieeiiiieiiaaes - PR B . B 34,500 825 92 | 131,008 || 37 ,238 | 30| 61,810
‘WEST NORTH CENTRAL:
MITNOS0EB. e se e eererevercnannnnns 2t 5,300 | 3| 30,000| 81,085 | 51| 04,785 13| 8,750 | 34| 35,53
Tows and Missouri................ . FUUOS SR, deerifeaenaad 30| 170,600 | 15| 2,600 2 1,700
Sotuth Dakothe. . ouueeneeacneenn... 8, 68¢ ceesls 9 6,750 2 600 7 0,150
Nebraska. . S R ceon 8 swoy 50 Lol 3! 4,000
888 ... 2,080 19 15,819 13 4,068 2 1,660
Bourmt ATraxTIC;
Virginia and West Virginia.... 13| 21,6680 f....]....... 011,025 4 38 | 51,000 1 12| 3,000 | 10 15,600
North Carolina.. 5 40,000 {.... 1| Looo! 1 43 | 163,450 [ 23 | ©,700 6 6, 100
Soulh Caroling.... 3 11,500 1 1] 1,000 |.. 64 | 227,650 8| 2,820 28| 84,030
Georgia snd Floridp....cooooooo. 5 8,010 |i. 2| 2,000 3 36 77,578 11| 2,600 [ 141 20,178
Soutit CENTRAL: .
TONNOSSE0. e ese e venecrzasanan o4 19,150 |i.. ceaeeel 21 1,7 (R o2 17,400 |....feueen.s 31| 129,434 5 1,400 4 6,534
Alaboma, Arkansas, and Texas...| 9 54,470 411,660 | 2| 2,820 [c.uc]ieunens 3 50,000 | 10 | 1,610 206 | 105,A90 [ 11| 1,890 4] 4,
MoUNTAN: i
Mon{ana 2 1,250 631 206,047 || 41 1,207 27| 29,440
Idaho. L U . 48| "49)305 || 14, 20000 31! 20,195
Colorad 8 8,184 36 | 71,060 [ 12 4,800 | 17 14,150 {
1 10,000 §|. 18 25,415 4 140 8 7,876
2| 21,448 |- 74| 185,681 || 16| 5,420 | 39| 46,011
Pacmric: -
‘Washington..............oo.. i 37 | 109,328 0| 9,728 | 13| 14,800
Qregon.......oiiann e 3¢ | 36t || 12| 4,711 21| 20,02
California. . ..ol 49 | 338,871 194 | 735,207 || 34| 12,090 02 07,403




DEVELOPMENT OF HYDROELECTRIC STATIONS.
OR MORE, BY GEOGRAPHIO DIVISIONS AND STATES: 1917-—Continued.

PRIMARY POWER—{ODN-~

wed.
DYNAMOS, OUTW%%TS%%%’)S (xio- KILOWATT HOUES SOLD. 5:%‘;3’;2%3];%?'
. ‘Water wheels and
motors—Continued.
2,(}50(())0501:5(11 under| 5,000 horse(el-
X ovse- POWeT &1l
power. over. Num-| Klle- Genorated | Purchased Other public § 3o, | Trorse.
: ber. watts. during year, | during year. Total. Laghs. Power. servico cor- ber. power,

| porations,

ég Horse-~ é Horse-
Z:"Q power. SE powaer.

232 | 745,662 | 208 (2,418,183 | 2,427 | 3,954,204 || 13,024,404,619 |2,004,442,371 || 13,148,946, 560 (11,120, 506,702 | 7,523,445, 085 14,504, 994,173 || 145,032 | 3,360,371

25| 80,200 12| 90,000 412| 389,504 || 924,490,033 | 290,607,265 || 1,038,502,882 || 102,018,624 | 451,003,437 | 482,680,621 )i 28,772 | 285,412
38| 121,760 | 74| 576,700 | 398 | 658,224 || 3,031,473,392 | 572,707,330 || 3,284,381,804 | 95,570,014 | 2,030,318,413 11,158, 092,337 || 21,538 | 207,570 |
!o41{134,920| 10| 63,100) 479 | 671,046 | 2,206,58L,721 | 55,900,110 || 1,704,499,678 || 279,825,245 | 830,088,307 | 545,085,006 || 110608 | 483201 .
I 9| 32,0001 10| 205,500 | 214, 313605 || 1,006,006,025 | 145,184,280 || 15039,149,033 || 112,501,930 | 432,002,603 | 404,044,440 || 15703 | 286,797

21| 700450 | 39| 367,900 || 201, 388,587 || 1,082,172,773 | 140,052,813 || 1,057,316,767 || 34,274,300 | 823,585,625 | 199,450,926 || 5lp77 | 138419
101 820000 21| 187600 || 113, 229,318 || "’s27,436,151 | 325,765,080 725,426,471 || 287422,000 | 213,113,231 | 480,800,340 || 1'sds | 24,713
30 | 1010150 | 37| 85,200 (| 275! 420,672 | 1,86L,057,154 | 234,330,810 (| 1,786,187,445 (| 87,043,307 | 1,342,657,225 | 856,486,853 || 10,234 | 505,865
58 | 172282 | 56| 82,233 .| 337| 874,208 || 2,934,338,370 | 32¢)005,883 || 2,511,022,030 || 380,449,416 | 1,850, 010,824 | 780,850,000 || 19,654 | 1,398,325

LY. PN P RONEA S

[P R saee 2 12,000 ! 99 53,227 158,649, 180 25,009, 494 159, B82, 109 15,270, 840 01,031,480 53, 579,780 2,807 47,737

AR M AR TN 7 N R I A | 85| 42,510 195,650,040 | 1,200,805 ||  "L14,447,105 8, 827, 071 17,083,448 | 88,530,686 || 2,287 ,

B T 11 B SN N vereen 81| 42,506 55,474,173 | 17,672,060 80,303, 567 5, 008, 503 52,611,451 [ 21,783,603 | 91351 | 30844
10| 32600 |7 as, 00071 107! 145,011 392,477,110 | 152} 727,263 506,013,508 || 96,009,705 | 183,918,371 | 106,027,372 1| 3z | 45,810

........... w3 15,000 70§ 106,250 || 282,342)512 | 93,808,624 206,016,403 || 46,942,445 | 126,420,678 | 122,653,280 || 15000 | 102)112

58 | 121,760 | 66| 458,700 1 312 | 504,234 (i 2,278,006,625 | 571,204,080 || 2,830,885,852 | 82,009,964 | 1,800,808,721 | 756,089,167 || 17,220 ] 205,800
............... g| nso0f “s4| 153000 753,468,767 | 1,472,360 || 645,015,812 || 12,600,050 | ‘229,511,002 40z,003,170 || “4'ace| eijTme

............ P O I 25 58,212 125,049,931 5,241,230 105,305, 738 12,329,780 54, 655, 705 38,320, 253 3,015 37,034
...... vevees 7 39, 200 89 120,060 370,578,036 17,746,084 315,875, 750 90, 349, 807 137,084,313 88, 201, (30 4,100 117,081
23 | 72,400 2 14, 400 250 378,160 || 1,389,882,664 30,067,101 986,236,839 || 158,424,000 608,191,800 { 219,619,874 || 31,156 209, 681

18| 62,820 1) mu00| 15| 116,61 321,072,000 | 2,804,704 207,282,251 || 18,221,692 | 80,206,460 | 198,854,200 || 3)337| 20,295

............... 4 55, 500 85 08,008 370,537,183 | 122,601,178 413, 560, 335 80,330, 030 239,489,712 83,731,587 1 12,410 205, 459

74240071 15| 150,000 48] 1237 515,860,279 | 0,594,718 481,448,630 3,131,415 | 102,052,930 | 375,362,579 685 5,854
20 10,110 15,257,373 1, 406,100 13,222, 883 3,818,877 7,000,721 | 1,745,484 ;| 1,003| 10,676
17 6, 600 Bodsost 5,700, 83§ 2,080, 443 1,625,808 | 2,195,727 1 281 ) 874
l 4| 75,085 146,956,506 | 11,582,205 126,128,048 || 14,145,360 | 80,373,626 | 31,608,003 | 1,234 | 62,034
3{ 12,000 4| 20,400 80| 55047 90,885,872 [ 19,600,268 92,747,783 || 17,385,047 03,005,063 | 7,205,883 %00 19,848
5| 18550 ‘ 9| 132,100 42! 133,570 351,104,733 | 29,874, 487 330,061,757 || 11,344,415 | 240,116,921 | 88,500,421 |( 1,787 | 3,735
9| 26,000 19| 164400 87| 143,345 180,500,209 { 90,010,158 || .480,052, 851 3,712,188 | 410,095,193} 5O, 885, 500 98 | 23,072
4] 13000 7| 41,000 42| 56,605 161,681, 950 561,700 144, 554, 356 1,771,776 99,007,468 | 43,775,122 || 2,104 | 61,768
t : B

81 24,000 16| 97,500 40| 109,650 503,680,622 | 315,025,898 440,000,373 || 10,184,620 51,350,403 | 387, 546,350 p85| 13,644
4| “gooe | 5! ®,000 73| 119,868 317,748,529 | 10,130,170 279,336,008 || 18,238)280 | 161,753,828 | 90,343,000 8l | 11,12
12| 43,400 | 20| 192,000 76| 174,375 058,567,722 | 229,752,280 || 1,045,888,078 | 26,602,877 | 789,055,204 | 230,140,807 || 6,761 | 301,087

S RN T3 T1s 200 39| 32,365 140,138,504 | 3,787,637 103,977,015 || 13,074, 260 78,807,107 | 10, 465, 609 211 1
X 5| 44,000 82| 55965 | 193,791,318 806, 639 108,820,757 || 11,086,079 87,108,440 | 60,037,238 | 2,088 65,017
6l 17,400 |..osi)een.. vl 151 24075 90,630,502 {..... 77,755, 600 4, 489, 107 €3,261,384 | 10,005,109 898 9,805
10| 82,350 | gl 161,000 83| 141,902 | 474,928,960 194,251 300,436,005 | 30,201,005 | 314,427,000 | 45, 508,000 306 | 122,170
6| 20,5001 9| 71,800 50 86,340 229,761,803 | 1,130,756 182,549,825 | 50,938,217 | 115,798,448 | 15,835,161 || 4,626 57,225
............... 1 7,000 a| 27,160 57,854,107 | 4,000,494 40, 339, 403 9, 601, 867 28,830,905 | 1,051,241 | 1,006 10,847
55°17151,78°) 40| 503,033 || 248 | 760,768 || 2,640,722,370 | 322)795,633 || 2,285,083,70L || 310,011,332 | 1,%00,002,080 | 763,070,288 || 13)002 | 1,391,263
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In order to make possible a further study of hydro-
electric development in the United States, Table 29
has been prepared to show, by geographic divisions
and states, the conditions which are found in large
‘water-power stations. To avoid disclosing the con-
ditions of individual plants, it has been necessary in
‘several instances to group two or more states together.
There are, also, 10 states and the Distriet of Columbia
which report no water-power plant having primary
water-power equipment of 1,000 horsepower or over.

Gleographic distribution.-—From Table 29 it appears

that these hydroelectric stations are most numerous’

(130) in the East North Central division, followed by
‘the Pacific division (122) and the New England divi-
sion (106)., The largest stations, however, are to be
found in the Pacific division and Middle Atlantic
division. Among the different states, California leads
‘with 87 stations, while Michigan and New York are
next, reporting 59 and 56 stations, respectively.  No
other states approach these. In primary horsepower
the Pacific (1,280,786), Middle Atlantic (1,043,847),
and Rast North Central (941,636) divisions easily
rank highest. The same divisions also report the
highest dynamo capacity, though the order of the
last two is reversed. Evidently the Middle Atlantic
division has & good deal of excess water horsepower
developed, which will later call for an additional
amount of generating equipment. It is further sur-
prising to find that the Middle Atlentic division,
‘which stands third in generating capacity, reports the
highest amount of current generated, 3,031,473,392
kilowatt hours, as contrasted with 2,934,338,370 in the
Pacific division and 2,206,581,721 in the East North
Central. This is due to the better load factor and

diversity factor which can be secured in the highly
developed industrial centers. As might be expected,
the hydroelectric plants of California report more
horsepower in the aggregate (1,114,356) than do those
of any other state. New York ranks second (822,224),
followed by Michigan (504,719). In dynamo capacity
and number of kilowatt hours generated these states
also lead by a wide margin.

- The Pacific division reports an investment in hydro-
electric stations of $401,887,714, an amount which is
almost double that reported by the nearest rivals, the
Mountain ($213,566,487) and the East North Central
($206,522,074). The Pacific division again leads in
the income from sale of current ($37,598,520), while
the Mountain division, ‘which is second in investment,
ranks only fifth in income from electric current sold
($16,706,120). California, New York, Michigan, and
Montana, which report the highest investment, also
report the highest income from electric service. The
average income per kilowatt hour sold in the Middle
Atlantic division, about 6.3 mills, is lower than in any
other division. This is followed by the South Central,
with an average rate of nearly 7 mills. Among the
several states, South Carolina shows the lowest average
rate for all current sold, 4.3 mills. New York reports
about 6.2 mills, and Pennsylvania and Montana about
7mills. The average rate in California, where current
must be transmitted over long distances, is about
1.5 cents. It must, however, be remembered that
the nature of the service rendered, together with the
local conditions, determines what is a reasonable rate
for electric service, and no account of these differ-
ences can be shown in the general statistics for the
industry.
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Central electric stations and electric railways.—As in
1912, the census of 1917 called for a return of the
different types of primary power machines used by
central electric stations, together with their number
and horsepower capacity, Similar data were collected
for central electric stations and for electric railways.

As indicated in Chapter IL (p. 21), there are nu-
merous isolated plants producing electric current in
addition to those public utilities covered by this
census, but the combined date for electric stations and
street railways indicate the nature of all important
changes in the industry.

Table 30 CENTRAL TLECTRIG STATIONS AND ELECTRIC RAILWAYS—NUMBER, TYPE, AND JORSEFOWER OF PRIMARY POWER MACHINES:
1017, 1912, AND 1907,
‘ Type of prime movers,
Total, K :

Total steam. Steam cngines, Bteam turbines. I“Ef;ﬁﬁ“gﬁ‘g“& W““{?ﬁ;}’,‘“’gg? and

s . . Num- Horse- Num- Horse~ Nums- IE[orso- Num- Haorae-

Number.| Horsepower. || Number.| Horsepower. [| e, power. er. power. ber. | power. | ber. power.
17,186,047 | 9,228 | 11,002,001l 95| 2,920 g,23| o0m0,000(f 2087 230l 8,000 4,952
1190400 10,105 | iwsees || gio0s | 3s0a0| 1496 | 4srase || tledl 15| Faze| 2040588
6,618,011 || 1f,422| 5,104,800 || 10,793 | 751,080 620 | 1,352,814 51| 72163 | 2Bl 10441048

cen%%mﬂom: 13,705 | 12,086,785 [ 7,487 9,07 ‘
....... OSSRV B : X 036, , 8,449,076 | 5,788 | 1,70L,677| 1,600 { 0,747.300 | 2,084 210,406 3,374 | 4,277,978
' 1,002 | 7,530,004 || 7,847 4,040,778 G813 1 1,805a%2)| 150341 3,054,300 L1I0| 110351 2,030 | 9 469,981
10,908 | 4,008,188 |  £054| 20008273 || 7,677 | Usraacs| avi| o 8i7 410 ‘463 | 56,828 | 2,481 | 1,840,087
10! 4,200,102 v1| 3,543,015 1,177| 1,201,203 664 | 2,322,602 531 98,904 316 027,983
2080 | 3,000,385 228 | 3165888 |\ 1,796 | 1,703,088 462 [ 1,482,800 8| 2010 383 471,307
367 | 2,519,823 3,38 24115 || 316| 1876123 252 535,404 4| 1688 228 91,061
PER CENT OF INCREASE,L
°t9iI§o7 017 7 158.9 10 '

=101 s eeaaen, 8 8. —-10.2 1349 || —35.5 —22.1{ 2508 5105 || 4026 20,81 8.2 240.4
1012-1017. .00 . 9.0 53.1 —8.7 a7.8 || —10.1 Zigel Thia 100.8 | 158.6 76.6| 111 6.8
1907-1012..000000 00 -~0.3 @1 —~1.5 5.0 || —20.2 ., 137.8 233,94 131.0 87.4| 22.8 1040
925.4 a7l =10 AT I —24.0 —0.5| 850.7 725.5 || 633.7 276.9| 6.0 217.0
15.9 el —40 07| =150 ~10.2] 643 120.0 || 162.9 .5 14.8 73,2
8.2 &7 —28 8.8 -3 Lo| s 27 || 140 989 185 8.0

7-1017. e eenrmanann, —42.0 6.7 -—483 7.0 —e22 —34.0] 123.8 N1 (I . ) 82,
1912-1017. —o1.5 .71 —22.0 ol —ats -3 221 3%3.% N Eg -??% 5233
1007-1912. 2000 ~26.1 4.3] —33.0 3.3 ) —424 —9.2| 8.3 13 [l 41| 8.0 412.5

1 A minus sign (—) denotes decrease. Percentages are omitted when base is Jess than 100.

Accordingly, Table 30 shows the actual increase in
number and horsepower of all prime movers for both
central stations and electric railways, together with

~ the per cent of increase or decrease in the respective
iterns. From this table it appears that the growth in
total horsepower of all kinds for the electric railways
has been comparatively slow during the last decade
(66.7 per cent), but particularly during the period
1912-1917, when the increase was only 14.7 per cent.
However, the rapid decrease in the number of different
units, amounting to 42 per cent during the decade,
indicates a very marked increase in the size of primary
power machines for electric railways. Central sta-
tions, on the other hand, not only show some increase
in the number of machines, 25.4 per cent during the
decade, but also a growth in horsepower more than
three times as rapid as that of the street railways
(215.7 per cent as opposed to 66.7 per cent). At the
present time electric railways have 2,110 prime mov-

ers, or 13.3 per cent of the total for electric stations

153666° ~—20——4

and street railways (15,905), while they report a horse-
power of 4,200,192, or 24.5 per cent of the total horse-
power (17,136,947).

An examination of the different types of prime
movers shows that steam engines have been rapidly
displaced by the larger and more efficient steam tur-
bines, which are usually directly connected with an
electric generator and occupy far less space than the
old reciprocating engines. There has been a rapid
decrease both in number and horsepower of steam
engines, particularly in the case of the electric rail-
ways, where the decrease for the decade has been 62.2
per cent and 34.9 per cent, respectively. The change
has been far less marked for central stations. At the
present time, however, steam engines furnish 29.1 per
cent of the total horsepower reported by street railways,
while steam turbines furnish 55.3 per cent. Water
wheels and turbines are relatively of much less impor-
tance, supplying only 15 per cent of total horsepower,
while internal-combustion engines are scarcely used.

(49)
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Discran 1.—CENTRAL ELECTRIC STATIONS AND ELECTRIC RAILWAYS—PRIMARY POWER, BY STATES:
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DiagraM 2.,—PriMARY Power, BY Caaracrer or Powsr: 1917.
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Central electric stations, on the other hand, report
only 13.2 per cent of their horsepower in steam
engines, compared with 52.2 per cent in steam tur-
bines, and 33.1 per cent in water wheels. They
further return a surprisingly large number of internal-
combustion engines, 2.934, which, however, furnish
only 1.6 per cent of the horsepower. Finally, it is
interesting to find that in every instance the prime
movers reported by the street railways are, on the
average, much larger than those of electric stations.
The former report average horsepower as follows:
Steam engines, 1,038; steam turbines, 4,118; water
wheels, 1,987; internal-combustion engines, 534. Cen-
tral stations show an average horsepower of 294 for
steam engines, 3,971 for steam turbines, 1,268 for

water wheels and turbines, and 72 for internal-com-
bustion engines. .

General comparison. of commercial and municipal
stations.—Table 81 shows the relations which exist
between the primary power equipment of commercial
and municipal central electric stations.

It appears from Table 31 that although municipal
stations report 3,408 units, or 24.7 per cent of the
total number of prime movers, they have only 859,098
horsepower, or 6.6 per cent of the total. An
examination of the per cent of increage shows that,
while the municipal plants have reported an increase
of 13.2 per cent in the number of steam engines since
1907 and of 29.2 per cent in their horsepower during

| the same period, commercial plants have experienced

a marked decrease of 35.8 per cent in the number of
steam engines and of 15.6 per cent in the horsepower
of such machines. These figures probably indicate,
first, that municipal plants are not generally replacing
their old steam engines by steam turbines as are the
other group, or, secondly, some may be installing
old steam engines instead of steam-turbines, in the
hope of keeping capital expenditures as low as possible.
It does appear, however, that the rate of increase in
the number of steam turbines has been much more
rapid during the decade for municipal stations than
for commercial stations, due to the fact that at the
earlier period the former used practically none of
this type of prime mdvers. As will be indicated,
however, the relative importance which steam tur-
bines bear to other types of primary power machines
is’ markedly less in the case of municipal plants.
The number of internal-combustion engines has been
increasing very rapidly for both groups of stations,
while the total horsepower has shown by far the
greater growth in municipal plants during the past
five years—176 per cent as opposed to only 67.6 per
cent for the other group of stations. In the matter
of water wheels and turbines, municipal plants re-
port a decrease of 1.5 per cent in number during
theperiod from 1912 to 1917, though the decade shows
an increase of 73.2 per cent. Commercial plants, on
the other hand, have shown a steady growth in number
of this type of prime mover during each five-year
period. Further, the horsepower capacity of water
wheels and turbines in commercial plants has also
increased at practically the same rate during the two
periods (77.4 and 74.3 per cent, respectively). While
for municipal plants there was reported a very small
amount of such power in 1907, the growth was very
rapid until 1912 (329.2 per cent), and since that year
the rate of increase (53.8 per cent) has been relatively
slow.
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Table 31 COMMERCIAL AND MUNICIPAL CENTRAL ELECTRIC BTA’J.‘IONS—-NUMBER, TYPE, AND HORSEFOWER OF PRIMARY POWER MACHINES:
‘ : 1917, 1912, AND 1907
1'ype of prime movers.
CLASS OF STATIONS. Total. Inte L st Wak hool R
. nt 0 IRIATY wor
Tobal steamn. Stean engines. Steam toabines, mgugloxigs,l oy bt ugﬁge;’ on
Num- Torse- Num- Torse- Num- Horse- Num-~ Horse- Nume-.| Horse~ Num- THorse-
ber Ppower. ber. power. ber. power, ber. Jpower, ber. power. ber, power.
ot y 8,449,070 || 5,788 | 1,701,677 | 1,000 | 6,747,300 || 2,034 | 210,408 | 3,374 | 4,277,273
J g
ER o v 4049778 | 6,813 | 1,805,382 | 1,034 | 3,054,300 || 1,118 | 11,035 | 20030 | 2/400'231.
4,008,188 8,054 | 2,603,273 || 7,677 | 1,875,863 377 817,410 463 | 55,828 | 2,481 | 1,340,087
7,862,200, | 3,790 | 1,368,001 | 1,488 | 6,408,614 || 1,991 | 148,574 | 3,100 | 4,076,878
' g%’ 3% 2o L5112 || 4000 | 1,585,880 | 021 | 2,954 223 "833 | 88,034 20670 | 2338970
3,776, 837 6208 [ 2,408,351 [ 5,920 | 1,610,320 348 798,025 385 40,746 | 2,328 | 1,318,740
200 500,871 || 1,980 342, 086 211 263, 885 943 | 61,832 265 200, 305
ggg’ :ggg %j 024 406,660 || 1011 300, 193 113 100,173 283 | 2340 269 130, 261
321, 351 1,786 284,022 | 1,757 265, 537 20 19,385 78 , 082 153 30, 347
PER CENT OF INCREASE.
5. . ~7.0 23,71 —24.0 —0.3 | 350.7 7266 || 5337 276.9 | 38.0 217.0
%3_3 Z;H i ) 0.7 —15.0 —10.2| 643 120.9 | 1620 9.5 14.8
8.2 3.7 —2.6 83.8 || —11.8 10| 1743 273.7 || 14l.0 98.9 18.5 83.0
Commoerclal: -
1907-1017.. 15.6 20.8 | —15.7 226.0 ) —35.8 —15.6| 32106 198.71 335 209.1
1912-1917.. 11.4 73.3 —9.9 72.8) —22.5 —14.5 61.6 67.6 16.4 74.3
1007-19012. ... 3.8 84.8 —7.1 88.6 || —17.2 ~13] 1648 8.2 147 714
Municipal: :
190?-1917 69.0 167.3 23.2 100, 5 13.2 202 ... 016.6 73.2 560.3
1012-1G17 32.3 53. 6 8.7 16.8 4.1 1.9 |87 6.0 | —1.5 53. 8
1007-1012 2.7 41 13.3 42.7 8.8 T 268.3. 5.8 329.2

Table 32 COMMERCIAL AND MUNICIPAT, CENTRAL ELECTRIC
STATIONS—PER CENT DISTRISUTION OF DIFFERENT
TYPES OF PRIME MOVERS.
. Internal- ‘Water
Cene Steam Steam comblis- whegls
CLABS OF STATIONS. | sus ONEENes. tarhines. e,ﬁ}ﬁﬁ;ﬁ, tmfll;}nes.
year.
& o ..: K
= % e % £ E o E
EE-N .- g g lz |9
4 g 15 4 14
3 8 3 5 |8
AEA AR ERER ENER
Totale-voerennnn- 1917 §| 42.0 | 13.2 |} 12.3 | 52.2 || 2.3 | 1.6 | 24.5 [ 83,1
1912 || 57.2 | 25.2 8.7140.6 94] 1.5 24.7]32.8
1907 [} 69.8 | 45,8 3.4119.9 4.2 1.4 22.6 32,9
Commercialeeseeseecnas 1917 11 36.6 | 11.2 {1 14,3 [ 53.8 | 19.2 | 1.2 |} 20.9 § 33,8
1012 %) 52,6 ) 22.8 9.9} 42,4 89 L3 h 286138
1907 || 65,9 | 42,8 3.9f2L1 43| 1.3 25.9 | 34.9
Municipal,ceeseavenas.- 1017 || 68.4 1 39.9 6.2120.6 || 7.7 | 7.2 7.8 (2.3
P 1912 |} 74.2 | 54,8 4.4 179 J 1.0 4.0 10.4 | 23.8
1907 || 87.1 | 82,8 1.4 60 391 1.9 7.6 9.4

Perhaps a better understanding of the relative
importance of the different types of prime movers can
be secured from Table 32, which shows the percentage
distribution of each type according to number and
horsepower of machines. For 1917 steam turbines
rank first in importance in the case of commercial
stations, comprising 53.8 per cent of the total horse-
power, though ranking lowest in nmumber of wunits.
In this group of plants steam engines are still the most
numerous (36.6 per cent of the total), though they

1 A minus sign (—) denotl;es docrease.  Percentages are omitted when base is less than 100.

rank only third in horsepower (11.2 per cent). There
has been a complete teversal of the relative im-
portance of these two types of prime movers since
1907. Water wheels and turbines have, throughout
‘the decade, maintained practically the same position,
furnishing at the present time 33.8 per cent of the
total horsepower of commercial stations and ranking
second in the number of separate machines, In-
ternal-combustion engines, while of almost negligible
capacity, comprise 19.2 per cent of the total number
of prime movers.

Municipal plants furnish some interesting and
rather surprising contrasts; for these, steam engines
are still far in the lead, both in number and in horse-
power. In fact, the per cent of horsepower comprised
by these machines is relatively about three and one-
half times as great as in the case of the commercial
stations, though there has been a constant decrease
in comparative importance since 1907. Steam tur-
bines rank second in horsepower (29.6 per cent), but
last in number (6.2 per cent); water wheels and tur-
bines have shown no increase in percentage distribu-
tion since 1912, and have been subject to & numerical
decrease. Finally, internal-combustion engines have
shown a marked growth, relatively, both in number
and horsepower, due, no doubt, to the fact that such
prime movers lend themselves readily and economically
to the uses of small stations.
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Diagraw 4,~CENTRAL ELECTRIC STATIONS—PRIMARY POWER, BY STATES: 1017 AND 1907.
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Liwtent of use of the different types of prime movers,
together with their average size.—In Table 33 is shown
the number of stations which report the different
types of prime movers. These figures should be stud-
ied in their relation to the number of plants which
actually have generating equipment as opposed to the
entire number of stations reporting. In 1917 there
were 3,417 commercial plants supplied with gener-
ating equipment, though only 3,347 of these actually
produced current. There were also 1,826 municipal
plants in this class, while 1,777 actually generated cur-
rent. There are, to be sure, a few stations which,
while having generating equipment, do not possess
primary power machines, as their motive power is
purchased from companies which supply mechanical
power in the form of water or steam. These, how-
ever, are very few in number, and the figures above
given can be regarded as practically correct. It is, of
course, obvious that many stations report several dif-
ferent types of prime movers.

Aable 33 COMMERCIAL AND MUNICIFAL
CENTRAL ELBCTRIC STA-
TIONS—DISTRIBUTION  BY
NUMBER OF STATIONS AND
BY TYPES OF PRIME MOV-
rns: 1917, 1912, AND 1007,
TYTE OF PRIME MOVERS, C;,'g.fl?js 7
Number of stations.

, Commer- | Munici-

Total. cinl. pal,
¥ 3724 o (L 1017 2,020 1,745 1,175
Bteam oug 1012 3,529 2,338 1,101
1907 3,704 2, 606 1,098
g AN 1§11 T S - 1017 456 531 125
Btoam turhin e ba s 5
1807 187 170 17
¥ - stion engines............... 1917 1,802 1,222 B0
Internal-combustion eng me 50 i oo
1907 204 238 66
o rels frrhines ..o ooaaioaaant 1917 1,079 938 141
Water wheels and turbin ) 1j()3:‘i oap %
1907 910 821 89

It appears from Table 33 that 1,745 commercial
plants, or 51.1 per cent of all having generating equip-
ment, still report the use of steam engines. Thisis a
very high percentage, even though there has been in
the last five years a decrease in the number of such
stations amounting to 593, or 25.4 per cent. The
number of municipal plants reporting steam engines
is 1,175, or 64.3 per cent of all stations which have
generating equipment, and there has been a .decrease
of only 1.3 per cent in number since 1912, while there
was actually an 8.5 per cent gain between 1907 and
1912, though during the same period there was a
decroase of 10.3 per cent in the number of commercial
plants so reporting.  Steam turbines are returned by
15.5 per cent of commercial plants, as opposed to only
6.8 per cent of municipal plants. Internal-combustion
engines are found in 35.8 per cent of the former and
31.8 per cent of the latter. However, 27.5 per cent
of the commercial plants have water .Wheels or tur-
bines, while only 7.7 per cent of municipal plants are
supplied with this kind of power.

From Table 34 it can be seen that while there has
been a rapid growth since 1912 in the average total
horsepower per commercial station, from 1,905 to 2,859,
there has been an increase of only 13 during the past
five years in the average horsepower per municipal
station. These figures, of course, are based on the
total number of stations, whether or not they generate
current. Were we to consider only those stations
which report generating equipment, as suggested
above, it would be found that in 1917 the average
horsepower per commercial station was 3,535, while
the average per municipal station at the same date
was 470. The average horsepower per machine for
commercial plants has increased during the decade
from 421 to 1,163, a gain of 176.2 per cent, as com-
pared with an increase for municipal plants from 159
to 252, or only 58.5 per cent.

Table 34 COMMERCIAL  AND MUNICIPAL CENTRAL ELLCTRIC
SPATIONS~-AVERAGE PRIMARY HORSEPOWER PER

STATION AND PER MACHINE,

TYPE OF PRIME MOVERS.

Total. Commereinl. Munticipal.

1917 | 1912) 1907)) 1917 | 1912| 1907| 1917] 1912 1907

Total power:
Perstation.....

- 1,9771,4421  869|| 2,85011,905(1,001| 371 358 257
Per machine... .

038( 633) 873 1,168 "747| “421| 252 217] 159

Stearn engines and steam tur-

ines !
Por machine........... 1,128 031 365

1,485, 780\ 427 271 201 165
Steam engines—

Perstation............ b83I 637) 489)(  7v0| 680 H93| 202 257 240
Per machine...........| 204 278 2065| 3580 324 01| 172| 100{ 157
Steam turbines—

Perstation......... .- [10,280/8, 728/4,8711112, 20017, 6144, 69412, 031(1, 51801, 140
Per machine. .. .- 3,97112,054 2,168 4, 364(3, 208|2] 203]1) 203| " 880/ 608

Internal-comhusiion ¢
Porstation.. 17 156) 190y 122) 171 200 107 114 109
2099 121 75| 106{ 1201 66 79 78

Per machine. .
‘Water wheels and turbin
i --..| 8,9042,386/1,483! 4,346(2, 55611, 606[1,421|1,086| 341
Permachine............... 1,2(5*‘ &40 B44)| 1,311 T8T6| 586| T 7H6] 4S84 198

Per station..........

So far as the different types of prime movers are
concerned, it is evident that there has been compara-
tively little increase either in the horsepower per
station or per machine for steam engines. Steam
turbines, however, have shown a rapid increase in
both of these respects, particularly in the case of
commercial plants, which in 1912 showed an average
per plant reporting such machines of 12,229 horse-
power, an absolute gain of 7,535 horsepower over 1907,
The average horsepower per machine for this group,
also, nearly doubled, from 2,293 in 1907 to 4,364 in
1917.  The rate of increase in steam-turbine capacity
per station reporting was much less rapid for municipal
plants, though the average capacity per machine
showed about the same growth. There has been a
marked increase, both in the horsepower per station
and in the average per machine, for water wheels and
turbines, and the proportionate increase has in each
instance been more marked for municipal plants. It
is, finally, surprising to find that there has been a very
noticeable decrease in the average capacity of internal-
combustion engines as well as in their horsepower per
station. For municipal plants the change has not
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been appreciable since 1907, but in the other group
there has been a drop from 209 horsepower to 122
horsepower in the station average and from 129 horse-
power to 75 horsepower in the average per machine.
This decrease in average size of internal-combustion
engines is largely occasioned by the fact that there
have been so many new and very small commereial
plants installed since 1912, particularly in those
groups which are not incorporated. For municipal
plants, on the other hand, the most rapid rate of
increase took place among those small plants which
purchase all their current, and, accordingly, the size
of the primary power units would be little affected.
In this connection it is interesting to observe that the
state of New York reports primary power of all kinds
far in excess of the capacity returned by any other
state, 1,811,066 horsepower, or about 14.2 per cent
of the total for the United States. Three other
states—Pennsylvania, California, and Ilinois—report
more than 1,000,000 horsepower. These four states
furnish 41.3 per cent of the aggregate for the United
States.

Stations reporting only one type of prime mover.—In
Table 33 the number of stations reporting the differ-
ent types of prime movers is given. At this point,
however, some mention should be made of those

stations which report only one type of prime mover,
together with the number and horsepower capacity
of such machines. Accordingly, in Table 35 are
assembled some significant data bearing on this
question. It appears, in the first place, that the total
number of such stations, 4,144, is equal to 63.3 per
cent of all central stations in the United States and
79 per cent of all stations supplied with generating
equipment. They also report a total horsepower of
3,661,679, or 28.3 per cent of the United States total.
Nearly 38.7 per cent of all generating stations, 2,028,
report steam engines only, while 27.1 per cent, or
1,423, are supplied only with internal-combustion
engines. That these plants reporting only one type
of prime mover are usually the smaller plants is
indicated by the fact that, while they return 55.8 per
cent of the total number of primary power machines,
the total capacity of the same is little more than
one-fourth (28.3 per cent) of the total horsepower
reported at this census. The averages per station
and per machine are less than the corresponding
averages for the United States given in Table 34, except
in the case of the averages shown for steam turbines
in municipal stations and the average per machine for
water wheels and turbines in these stations, which are
higher. '

avble 36 CENTRAL ELECTRIC STATIONS REPORTING ONLY ONE TYPE OF PRIME MOVER; 1917,
t
Total, Commereial, Municipal,
|
Number of | Number of Torse- Number of | Numher of ITorse- Number of | Number of | Horse-
stations. | machines. power. stations. | machines. POWET. stations. | maehines. power,
L0777 e 4,144 7,008 3,001, 679 2,519 4,911 3,005, 208 1,026 2,787 606, 381
Stonm engines only. .. : aeen 2,028 3,590 626, 939 1,026 1,874 345, 407 1,002 1,716 281,532
Stean turbines only......oo.... 145 406 1,220,017 110 326 1,105,337 35 80 114, 680
Internal-combustion engines only . 1,423 2,348 133, 439 925 1,515 83,030 408 833 50,409
Water wheels or turbines only. . .. 548 1,354 1,681,284 458 1,196 1,601,524 00 158 119, 760
Avorago per station: ) '
Stoam engines. .. co.o.Lol e beeereaeaaieia N 2 309 e 2 251
Stonm turbimes. . vvevieiar i e 3 8,414 E ............ 3 3,217
Internal-combustion engines- . .. .....o....ooo oL 2 [ X | 2 101
Wutoer whaols and turbines. ... ...l 2 008 1.l 2 1,331
Averago per machine: .
Stenm eneinos. . c.aeao... b | U S 164
Stoam turbines. . ..... ;
Internal-combustion en i
Whaler whools and turbines.
Per cent of United States totals: .
POL e e e v e 63.3
Stenm enginos. Cebeneamaereeiaee s B 3.0
Stoam LarbInes.. oo cvv e 2.2
Internal-combustion engines. . .. .- 2.8
Waloer wheols and turbines. ... 8.4
Per cent of stations having generating equipment: 7.0
LA T I L LR E LT TR 0.0
Steam engine 8.7
Steam Lurbines.. eeraenaees . 2.8,
Tnternal-combustion engines ... ... 2.1 .
Water whoeels and turbines. . ... oL 0.6

The number of commercial establishments which
report only one type of machine, 73.7 per cent of those
stations having generating equipment, is relatively less
important than the corresponding number of municipal
plants, which amounts to 89 per cent of this group.
In only one instance, however, have these commercial
plants reported more than half the primary horse-
power of a given kind, 55.9 per ceni—that is, in the
case of those stations having only internal-combustion

engines. The municipal plants in this group, on the
other hand, in all instances except one, report by far
the greater part of the total municipal horsepower.
As is also the case with commercial plants, the lowest
relative amount, of horsepower is reported by those
municipal plants equipped only with steam turbines
(45.2 per cent). All of the averages per station and
per machine are closer to the United States total aver-
ages for the given group in the case of municipal plants.
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In two instances they are even considerably higher.
Steam turbines average 3,277 horsepower per station
and 1,434 horsepower per. machine, as opposed to
United States averages for municipal plants of 2,031
and 1,203, respectively. The average capacity of
water wheels and turbines per station is 1,331 horse-
power per station and 758 per machine, while the total
averages are 1,421 and 756, respectively.

Steam power.—It is perhaps worth while to examine
somewhat more closely the changes which have been
taking place in the different classes of primary power
units according to their size. Accordingly, in Table
36 this phase of development has been shown for
steam engines and steam turbines since 1907. These
machines, of course, secure their motive power, in the
main, through the use of coal for fuel under the boilers.

The fact, however, must not be overlooked that not
all steam is produced in this way. In some sections
where oil is abundant and low in price and coal is
relatively scarce, the former is actually burned under
the boilers in place of other fuel. This frequently
happens in Texas, Oklahoma, and parts of California.
Gas is also sometimes used. In other sections of the
country waste material of different sorts, particularly
the refuse from sawmills, is largely or even wholly
used in the smaller generating plants in place of coal.
These instances are most numerous in gomo of the
Southern states, particularly in Georgia and the Caro-
linas. More detailed reference to the different kinds
of fuel used in steam plants will be made later in the
chapter on “Financial statistics,”

e COMMERCIAL AND MUNICIPAL CENTRAT, ELECTRIC STATIONS~~STEAM ENGINES AND STEAM TURNINES, BY JHORSEPOWER
Table 36 CAPACITY: 1017, 1012, AND 1007,
Engines groupoed nceording to horsepowor. v
CLASS OF S8TATIONS. T'otal
: d 500 horsepowor or Ovar 500 and under | 2,000 and under 5,000 | 5,000 horsepowor o
under. 2,000 horsepower, horsepower, over.
Numbor. | Iorsspower. || Number. } Ilorsopower.| Number. | 1Iorsepowor.| Number. [ TTorsopower,| Number. | lorsepower.
Total: .
917 7,487 8,449 076 5,509 996, 001 1,188 1,188,310 IRY 1, 1518, 810 402 5,104, 050
7,847 ‘.MU 778 4,320 1,002,175 1 045 UH() o2 204, 845,381 170 2,081,230
7,206 2 (127 450 6,248 1,035,683 7 7 (‘x(il 741 148 407,605 63 22, 420
5,287 7,852,206 3,488 (61, 780 1,40 1,064, 804 66 1,087,565 394 6,047, 060
5 K23 4 64 .i 112 4,300 7()!), 156 9(»4 9()“ 729 281 H(N 007 179 .l 031,230
a, 4492 2, .344, 032 4,584 704, 205 G909 ()25 006 140 4()2 396 03 523 420
2,200 506,871 2,021 335,211 148 133, 426 23 71,251 8 it O8i
2 024 4()(»,()()6 1 030 20“ 010 74,203 13 J(:,JH[ vvesraeene l'
1 714 283,418 1 604 211,37 48 36,740 2 1511 T SN
STEAM ENGINES.
5,788 1,701,677 3,200 900, 057 484 454, 039 H7 233,214 17 107,407
0,813 1'805, 382 ('):137 1, ()38 4056 bG8 ﬂl(l K 92 24(): 704 16 m' 24
6,829 1,810,040 6,183 | 1,018 566 557 484, 604 70 186, 250 10 11.,,.»0()
3,799 1,368, 601 3, 263 603, 638 442 424,472 87 233,274 17 107,407
4,002 | 1,588,899 4253 753, 642 541 480, 200 02 240, 704 16 105, 254
5,144 1,546, 007 4 536 7‘41, 073 520 402 b4 70 . 18[1, 280 19 115, 500
1,080 342,086 1,947 313,410 42 20, 567
1,911 'mu 403 1, B84 284, 053 27 1 640
1,685 264 033 1 048 2306, 803 37 27 140
STEAM TURBINES,
Total: .
1917 1,600 06,747,300 300 00,034 704 734, 250 301 026, 542 38h 4,007, i3
1912. 1,934 3, ()54, 396 1‘.?2 5! ioao 477 47() 163 202 U(H 687 1(1:3) 1,’.!‘2 1:7“
1907. 377 410 65 17,017 190 172 (152 78 221 4156 44 4(!(3 nau
(“on'llr‘x,llqlrclu,l' 1 485
5488 4,403,514 235 08, 242 608 (330,422 278 8hd, 201 377 4, 040, 660
}g(l‘g gﬁé 2 %)9;1‘ 553 128 1{5,()}3 {23 417 430 184 .mx 203 1483 1:0'25:1;7'0
- \) 26
Munlt;)"ll}?)i 5 i 1()2 452 76 Jl(v, 116 44 400, 026
- 211 253, 886 74 21,792 1006 103, 8568 23 1, :
1012. 113 100,173 46 11, 066 54 52,723 13 G, R e b A0, It
1007 2 10,385 16 4, 485 1 4, 600 2 6,300 LI
PER CENT DISTRIBUTION.
100.0 100.0 80.8 53.3 8.4 8.7 R ; 4
100.0 100.0 90.1 4.8 8.3 27.0 L4 17 o g
100.0 100.0 00,5 60.3 8.2 271 1.0 10.3 (i 04
100.0 100.0 86,6 43.7 11.6 31,
100.0 100.0 86.8 47.4 11.(; Ii(l.tzi
100.0 100.0 88.2 50.6 10.1 2.9
100.0 100.0 97.9 91.4 2.1
100.0 100,0 98.0 3.0 1.4 g 8
100.0 100.0 97.8 89.7 2.2 10,3
100.0 100.0 18 1.3 10,9 17.7 R y
100.0 100.0 186 1.8 46.1 1.4 10,5 e e ol
100.0 100.0 17 2.1 §50.4 21.0 20.7 7.1 11.7 1‘) H
100.0 100.0 15.8 1.1 40.2 9.7 18, fo ¢ y
100.0 100.0 159 14 45,9 141 g % 3 i
100.0 100.0 14,1 1.6 514 20.4 21.8 21,1 12: 6 ”»10
100.0 100.0 36.1 8.6 50,2 40,9 3.8 2
100, 0 100.0 0.7 11.0 7.8 52,6 }(1,1 g %:f l; a8 2
100.0 100.0 55,2 2.1 37.9 1.5 R 2B R M "
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Diacram 5, —CENTRAL ELECTRIC STATIONS—STEAM POWER, BY STATES: 1917, 1912, AND 1907.
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1t js of little significance at present to study the rela-
tive importance of steam power as contrasted with the
other kinds of primary power without making a sep-
aration of the antiquated steam engine from the newer
and more efficient steam turbine which has largely
taken its place. Some mention has already been made
of the general changes in primary power equipment.
1t should be noted, however, that practically all of the
steam engines in both commercial and municipal sta-
tions are to be found in the lowest group, 500 horse-
power or under,’’ and the sveragesize of these machines
is in both cases well under 200 horsepower. It is fur-
ther significant to find that the decrease in the number
of these small machines has been very marked for com-
mereial plants, from 4,535 in 1907 to 3,253 in 1917,
accompanied by a no less marked decrease in horse-
power capacity, from 781,673 to 593,538. Municipal
plants, on the other hand, report an increase in num-
ber in this small group, from 1,648 in 1907 to 1,947 in
1917, with a corresponding increase in horsepower ca-
pacity, from 236,803 to 313,419. In the group be-
tween 500 and 2,000 there has heen some decrease both
in number and horsepower of engines reported by com-
mercial stations. In the next group, while there has
been a slight decrease in number of units and their
capacity since 1912, there has actually heen a con-
siderable increase in bhoth since 1907. The highest

ELECTRICAL INDUSTRIES: 1917. ’ .

group has witnessed very little change and the munici-
pal plants have had at no time any steam engines with
a capacity as high as 2,000 horsepower.

The most interesting development in this con-
nection has been the growth in horsepower capacity
of steam turbines, though their number is relatively
small when compared with the number of steam en-
gines. In both classes of stations these turbines are
found to he most numerous in the group between 500
and 2,000 horsepower—~598, or 40.2 per cent of the total,
for commercial plants, and 106, or 50.2 per cent of the
total, for municipal plants. The municipal plants also
report the greater part of their steam-~turbine capacity,
40.9 per cent of the total, in this group. Commercial
stations, on the other hand, have shown a rapid increase
in the number and capacity of turbines in the highest
grouping, until,in 1917, 76.1 per cent of the total horse-
power was furnished by these larger units, which aver-
aged 13,105 horsepower per turbine, as opposed to an
average of only 6,318 for steam engines in this group.
In the lower groups there is not a wide difference be-
tween the average size per unit in commercial and
municipal plants. There has been during the last five
years a rapid increase in the size of steam turbines
directly connected to generators, until. at present
units of 40,000 to 60,000 horsepower are not un-
common.

Table 37 - ] STEAM INGINES AND STEAM TURBINES—PER CENT OF INCREASE ! (BASED UPON TARLE 36).
Engines groupoed according to horsepower.
Total. "
L 500 horsepower or Over 500 and under | 2,000 and under 5,000 | 5,000 horsepower and
CLASS OF STATIONS. un(ﬁzr. 2,000 horsepower. ! horsepower. ’ ! ovgr. ‘
Horse- Horse- . Horse- bar Horse- Horse-
Number. | 00 Number. | p08 | Number. power, | Number. | S| Number. powoor
Total:
1907-1917 3.9 221, 6 —11.8 -3.7 59.0 79,6 162, 2 871.2
—4.8 70,7 -13.0 —8.7 3.7 21,1 32.0 151.3
8,9 85,4 1.3 5.8 39.0 48,2 98. 6 288. 8
—-3.7 235.0 —23.9 —16.7 48.8 68,8 150.0 170.3 1. iiei,sns 860,
—9,2 72, 8 —20.7 —16.9 7.9 16.3 20.9 84,4 |70 148:%
1907-1912 6.0 93.8 —4,0 0.2 37.9 45.1 2.5 101.0 288.8
P el s mele el s [ |
7-19 28.4 110. 6 21.4
1912-1017 87 6.8 4.7 bEEs
1907-1912 181 43.5 16.0 B86.5 |-
STEAM ENGINES. B
'1‘oml:07 .
1907-107. .o —~15. 8 -6.0 —15.9 —~11.0 -13.1 —
1612~1917 ... ... ~15.0 ~10. 2 i3 —12.7 ~14.8 ;3
1907~1002. . ..o .. Lol —(.2 4.7 —0.8 2.0 2.0 —8.9
Cominercial:
1907-1917. ... ~26,2 -12.1 28,3
1012-1917. .. : -22,5 —14.5 —23.5
1907-1912 B —4L7 2.8 —06.2
Municipal: i
10071917 18.0 29.9 18.1
1012-1917 4.1 i1.0 3.3
1907-1912 13.4 16.1 14.8
STEAM TURNINES,
t%f):(ﬁ 1917
907~1917 3507 725.5 {l.iivnnrennn 429,1 270.5 3268 §... 218,
10121917, 613 120.9 869 7.7 47.6 56,2 | | il 58| Viees
19071913 174.3 2787 f\oeeenn. 215. 4 1511 172.3 | iieienrnns 1731 ..., 78,3
R
I z ................................ 327. ¢ 444, 5 234.1 5
e etesr: g ke | R
Muriicg?allz L ' 0 186.3 162.9 873.3
0T-1017. . i 85,
21917 L Ll 86,7 Sg?i, 3 """""""
1907-1912. ... .11 J S ST 6.7 |

' A minnssign (—) denotes deerease. Percenta ges are omitted when base 18 less than 100,
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No doubt the maximum limit in size has, for practical
purposes, now been reached, but the displacement of
steam engines by steam turbines, which was somewhat
delayed by the high costs for electrical equipment pre-
vailing during the past few years, will undoubtedly
progress rapidly in the future; and wherever prac-
ticable larger primary power units will be installed in
place of the smaller in those plants which continue to
generate current.

Table 37 shows in a clear way the relative impor-.

tance of the changes which have taken place in
steam-power development. From the percentages
here given it appears that the movement away from
the use of steam engines has in all cases been much
more marked for commercial plants, irrespective of
their size, than for municipal plants. This fact
suggests that municipalities have in many cases been
rather conservative in their investment policy and
have used equipment which would have heen serapped
by the average company, or have in other instances
actually installed the discarded equipment of com-
mercial stations. The rate of increase in number
and capacity of steam turbines has been very rapid
for both groups of stations, though in most cases
somewhat more marked for municipal plants, due to
the fact that they had little development of this
nature in 1907. Those states reporting tho greatest
amount of steam-turbine horsepower arve Pennsyl-
vania (935,966), New York (898,848), and Illinois
(843,978), in the order named. No other states
approach these in capacity, though Massachusetts,
Ohio, California, and Michigan report hetween 360,000
and 472,000 steam-turbine horsepower. Those states
reporting the greatest steam-engine capacity are New
York, Pennsylvania, Illinois, and Ohio, all of which
have more than 100,000 horsepower. The states of
Pennsylvania, New York, Illinois, Ohio, and Massachu-
setts report a total of 4,305,425 steam horsepower,
equivalent to 51 per cent of the total capacity of steam
engines and turbines in the United States.
Internal-combustion  engines.—Internal-combustion
engines include those which are operated by the com-
bustion of oil or gas. Both natural and artificial gas
are used, and sometimes gas will be produced by the
electric plant by means of a gas-producer plant for

the sole purpose of furnishing fuel to be used in the

internal-combustion engine. This type of prime
mover has for small plants and for auxiliary service
numerous advantages over steam engines or steam
turbines, which require a great deal of subsidiary
equipment in the form of boilers, condensers, etc.,
and which, accordingly, take up a good deal of space
and necessitate a considerable investment. Hence
it is not surprising to find a rapid increase in the
number of such machines, though not in horsepower
capacity, during the past five years, when the costs of
all kinds of equipment were much above the normal
level. No doubt some plants installed gas or oil

engines which would in ordinary times have preferred
steam turbines. Trurther, it must be remembered
that there has been since 1912 an extremely rapid
growth of very small generating stations, in which the
internal-combustion engine is the only satisfactory
kind of prime mover to use.

COMMERGIAL AND MUNICIPAL CENTRAL
ELECTRIC STATIONS—INTERNAL-COMBUS-
TION ENGINES: 1017, 1912, AND 107,

Table 38

Internal-combustion

CLABS OF STATIONS. engines. Por cent of toltal.
. Torse- . Tiorse-
Number, power, Nuinber. Dowor.
Total:
1017, 2,034 210, 408 100.0 100.0
1912, 1,116 111,035 100.0 100.0
1907. 4463 55,828 100.0 100.0
Commereial:
1017....... 1,091 148, 574 7.4 0.6
1912. 833 Rg,034 4.6 0.8
1907_... 385 49,746 83.2 0.1
Municipal:
B 043 01,R32 32.1 20.4
10 e 283 22,401 25.4 20,2
1007 e e, 73 6,052 16.8 10,9
, PER CENT OF INCREASE.L
Total:
1907-1017 . B33.7
1912-1017 162.9
1907-1012 1410
Commercial:
1807-1017.......
1912-1917_..
1907-1012..
Municipal:
1907-1017.
10121017
. 1907-1912

1 Porcentages are omitbed when base is less than 100,

After what has already been said in other connec-
tions rogarding the growth in number and importance
of internal-combustion engines, it is scarcely necessary
to refer in more detail to the subjeet. Table 38
shows what the development has been, and, since all
the machines are very small, no grouping according
to horsepower capacity has been possible. It appears,
however, that the growth in capacity of these engines
has been far more rapid for municipal than for com-
mercial plants (916.6 and 198.7 per cent, respectively)
during the decade. In number also the growth for
this group has heen even more rapid. Compared with
the total amount of primary power which is reported
hy municipal plants, their proportion of gas and oil
engines is abnormally high, amounting in 1917 to 32.1
per cent of the number and 29.4 per cent of the horse-
power capacity for both commercial and municipal
plants, in spite of the fact that the capacity of the
latter is only 6.6 per cent of the total. In the matter
of size of units, as has already heen shown, it appears
that there is not much difference between the average
for commercial and municipal plants (75 horsepower
for the former as opposed to 66 for'the latter). In
1917 all states except Utah and the District of Colum-
bia reported internal-combustion engines. Texas led,
with a capacity of 24,714 horsepower, followed by
Kansas, with a horsepower of 21,065. Pennsylvania,
Oklahoma, Nebraska, Ohio, and South Dakota all
report internal-combustion engines with a total ca-
pacity between 10,000 and 20,000 horsepower.
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Diacram 6,—CENTRAL ELECTRIC STATIONS—INTERNAT-COMBUSTION ENGINES, HORSEPOWER, BY STATES: 1917,
' » 1912, AND 1907.
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PRIMARY POWER EQUIPMENT.

Water power.—Water wheels and turbines continue
to form a very important part of the primary power
equipment of central electric stations, though they
have not shown the increase in relative importance,
as compared with some other types of prime movers,
which might have been expected had conditions
been normal during the past few years. As has
already been pointed out, the initial investment in
connection. with hydroelectric development is very
great, and it is ordinarily necessary to transmit the
current produced by means of this motive power
long distances over high-tension lines to the centers
of industry and population, where electricity is most
used. This necessitates further expenditure for over-
head construction, in addition to the already high
capital outlays for water-power rights, dams, etec.,
at the place where the generating station is located.
All of these expenses are of a sort not ordinarily met

61

with in the case of steam-power plants. THence, dur-
ing a period when the cost of material and labor is
abnormally high, it would not be surprising to find a
retardation of the growth of hydroelectric develop-
ment in spite of the fact that, after the initial heavy’
investment, operating expenses are far lower than
in the case of other types of electric plants. The
future gains which might be secured by the conserva-
tion of fuel and the ultimate reduction of unit costs
of current have during the war period been more
than counterbalanced by the large capital expendi-
tures necessary in the present in order further to de-
velop this part of the country’s natural resources.
Accordingly, it is to be expected that during the latter
part of the period from 1912 to 1917 there would be
merely a fuller utilization of existing hydroelectric
plants rather than an installation of new ones or rapid
extension of service into more distant districts.

Table 39 COMMERCIAL AND MUNICIPAL CENTRAL ELECTRIC STATIONS~—WATER WHEELS AND TURBINES, BY NUMBER AND IHORSE-
POWER CAPACITY: 1917, 1012, AND 1907.
|
Machines grouped according Lo horsepower,
CLASS OF STATIONS, Total.
500 horstg)ower or Over 500 and under 2,000 and under 5,000 | 5,000 horsepower and
under. 2,000 horsepower. horsepower. over.
Number. | Horsepower. || Number. | Horsepower. | Number. | Horsepower. | Number, | Horsepower. | Number. | Horsepower,
4,277,273 2,143 387,950 731 7125, 522 232 745,662 268 2,418,133
9,469, 231 2,002 334,737 037 591, 648 147 448,760 153 1,004, 085
1,349, 087 1,010 320, 636 405 357,071 1 330, 980 55 230,
4,076,878 1,922 350,849 708 707,234 226 730,162 252 2,288,033
2,338,970 1,804 299,610 515 551, 308 144 441,960 147 1,046,088
1,318,740 1,761 296,680 403 356, 671 109 326, 580 55 339, 800
200, 395 221 37,107 22 18, 288 ] 16, 500 16 129, 500
130, 261 108 35,121 82 40,340 3 8,800 6 48,000
30,347 149 23,947 2 2,000 2 5,400 1...... vessfecanass -
PER CENT OF INCREASE.}
Total:
1907~1017 . 217.0 12,2 21.0 80.5 102.8 109.0 611.6
1912~19017. 73.2 7.0 15.9 14.8 22,6 57.8 12.0
1807-1912. 83.0 4.8 4.4 57.8 65.4 32.4 9292,0
Commercial:

33.5 209.1 9.1 18.2 5.9 98.8 107.3 123,68 |.cennnn. . 573.5
1012-1017. . ... 16,4 74.3 6.5 17.1 23.3 28,3 56.9 5.2 .4 118.8
4.7 77.4 2.4 1.0 55.0 32.1 368 feaienenne. 207.9

73.2 560.3 48.3 55.0 Bld.d |..........

—-1.6 53.8 11.6 5.6 =BT |iinannas

75.8 320.2 32.9 46.7 1,017.0 |oecvivanan

PER CENT DISTRIBUTION.

100.0 100.0 63.5 9.1 21.7 17,0 6.9 17.4 7.9 56.5
100.0 100.0 88.1 13.6 2.7 24.0 50 18.2 52 4.3
100.0 100.0 7.0 23.8 16.3 2.5 4.5 2.5 2.2 2.2
100.0 100.0 61.8 8.0 22.8 17.3 7.3 17.9 8.1 806.1
100.0 100.0 67.6 12.8 2L.56 23.6 5.4 18.9 5.5 4.7
100.0 100.0 75.6 22.5 17.3 27.0 4.7 24.8 2.4 25.8
100.0 100.0 83.4 18.5 8.3 9.1 2.3 7.7 8.0 64.6
100.0 100.0 73.6 27.0 23.0 31.0 1.2 5.2 2.2 36.8
100.0 100.0 97.4 78.9 1.4 6.6 1.3 148 [cemevennnofaencavacascsan

1 A minus sign (—) denotes decrease. Percentages are omitted when base is less than 100,

As will be seen from Table 39, at each of the three
censuses the bulk of the hydroelectric power, 95.3,
94.7, and 97.8 per cent, respectively, was reported for

commercial stations. A further examination of the
table shows that during the past five years there has
been a more rapid increase in horsepower of water
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wheels and turbines for commercial than for municipal
stations (74.3 per cent as opposed to 53.8 per cent),

though for the decade the increase has been much
more rapid for municipal plants, which in 1907 used
very little of this kind of primary power. In tho
different groupings according to horsepower capaclty
it is interesting to find that for both classes of stations
those machines of less than 500 horsepower are most
numerous, though in the case of commercial plants
they rank lowest in total capacity (8.6 per cent), while
in municipal plants such units rank second (18.5 per
cent). In both classes of stations, also, the largest
proportion of horsepower is found in thai, group of
machines having 5,000 horsepower and over. The per
cent of increase in horsepower capacity during the
decade has for commercial plants been most marked,
573.5 per cent, in the highest group. For both groups,
also, during the past five years the most rapid increase
in capaclty has taken place in those machines having
more than 5,000 horsepower. The rate of increase in
the capacity of the smallest group of units, while not
rapid in either case, was somewhat more marked for
commercial plants, 17.1 per cent, as contrasted with 5.6
per cent for municipal plants. It is rather surprising
to find that in the group between 500 and 2,000 horse-
power municipal plants have shown since 1912 a do-
croase 0f 54.7 per cent in capacity, whereas commercial
plants report a gain of 28.3 per cent. Ior those water
wheels and turbines having a capacity of 5,000 horse-
power or greater the average capacity is 9,023 horse-
power as opposed to 12,981 horsepower for steam tur-
bines in the same group.

The statistics for water-power development in con-
nection with central electric light and power stations
give rise to certain anomalies which did not oceur in the
data covering the types of prime movers already dis-
cussed. Owing to the fact that some important hydro-
clectric plants have numerous generating stations fre-
quently widely scattered and even located in different
states, though all serving as part of the same distribut-
ing system, it is difficult to present absolutely accurate
figures as to the number and capacity of water wheels
and turbines in the different states. There were, in
1917, 1,079 different stations which reported some
water power and 259 which had water wheels and
turbines, totaling 1,000 horsepower or more. Many
stations, of cowmse, report other types of primary
power machines in addition, which are sometimes used
only as auxiliaries when water power is insufficient,
though in other instances the different types are con-
stantly used. It is to be expected, however, that
whenever possible the water power will be used for

generating current in order to save the cost of fuel.
Tinally, there are 548 plants or stations which use
water power only, ag shown in Table 35.

DisonrAM T.—Warer Power, By Srares: 1017, 1912, axp 1907,
{States with less than 5,000 horsepower in 1017 sre omitted.]
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The map in Chapter III indicatos thoso sections of
the country in which large hydroclectric dovelopments
aro found.  So furas tho total mpnclty of water wheels
and turbines for the different states is concerned, it
appears that California leads, with 738,977 horsepowor.
This state is closcly followed by Now York, with
701,948 horsepowoer; Montans ranks third, with
268,917, and South Carolina fourth, with 230,099. No
other states report as much as 200,000 horsepower in
water wheels and turbines, though there are 11 which
have between 100,000 and 200,000 horsepower—Michi-
gan, Utah, North Carolina, Pennsylvania, Towa, Wis-
consin, Tennessco, Massachusotts, Washington, Ala-
bama, and Minnesota, in the order named. Five
g, Montana, South Caro-
lina, and Michigan—yeport a total of 2,138,156 water
horsopower or almost 50 per cont oi' Lhe total for
the United States. In 1912 there woroe only 6 states
reporting more than 100,000 water horsepower, as
opposed to 15 in 1917,
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